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achievement of students with low reading levels, and achievement 0% 
students with high reading levels. Two non^random groups of students 
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total group was also divided according to reading level. Groups 
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instruction for each of five learning modules. Each group was 
pre-^tested at the outset of each instructional module* Post^tests 
were administered at the conclusion of the modules and average gain 
scores iwere tabulated* Bcores were also tabulated for the high and 
low reading groups. Findings of the study included^ (1) no 
significant differences were found in achievament between the^two 
methods of instruction; (2) approximately 60% of the subjects 
preferred programmed instruction while the remainder preferred 
traditional instruction; (3) there were no significant differences iii 
achlevetne'nt , according to .teaching method, of high or low teading 
level students* It was recommended that students be given the option, 
when feasible, to choose either type of instruction. An extensive 
bibliography is appended. (JDS) . ^ 
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Programmed instruction, was^ developed in b hen is try at 
Central Piedmont Community College (CPCC) as a part of a school- 
wide instructional revolution l^eginning about I971. Thik de» 
velopment took place with little objective evaluation either in 
the area of chemistry or on' a schbol=wide basis. ^ Some of the 
professional staff at CPCC felt that student achievement v.as 
less when programmed instruction-was used and that students 
preferred the traditional methods of -instruction if given a 
Qhoice. Others on the staff felt that programmed- instruction ' 
(PI) was superior to traditional instructiin (p ) and that 
students much preferred the newer method. - 

. This study was conducted to .determine; which of the 
two methods was ^ the rtost effective in terms , of the followingi 
(1) By which method will the chemistry student prefer to be ' 
taught, '(2) By which method will chemistry students achieve - " 
the most, J3) By which method will a high reading level chel 
mastry student achieve the, most, W By which methoJ will • 

a low reading level chemis^y student achieve the most. . ' 
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^ The b'-test v/as used to dGtermine if the difference 
in the muan gain scoj^es for the two methods wab .sdgnif leant • 
It v/as f ound ,that thei^e v;as no significant di^fference ' in 
achievement in the tv/o methods at the 0.01 level, Hov/everi 
at the 0.10 level, PI achievement v/as significantly greater 
on tv;o of the eight units. Achievement by Tl was not signi- 
ficantly greater than ^I on any of the units at the 0*10 
level • . > ' 

V/hen students were asked directly the method hy v;hich 
they preferred to be taught, PI v;as highly preferred to TI 
on four of the five modules covered in the study^, Chi-square 
analysis of .rating scales Indicates a slight preference for 
PI* A most significant finding 4^ 'the study^ was that student 
preferred TI on the one mod'ule involving a closed lab situa^ 
tion under supervision of the classroom teacher^ 

The t>-test v;as run on the overall gain, scores for the 
higl) reading group both for Pl and TI* The ^results Indicated 
there v/as no significant differ^ence in achievement. The 
t--test v/as run on the overall gain scopes for the lovi reading 
^oup oh PI and TI. The results Indioated no signiflcarit 
difference in achievement* 

Recommendations v/ere made to continue fui'^ther devalop 
ment of^ PI for both classroom and lab but to convart^the open 
chemistry lab to a semlclosed. lab, taught and supervised by 
the classroom teacher. - - . ' 
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Chapter I ' ^ ' 

BACKGROUND AND STA'J'EMENT OF Tm PROBLEM' 
INTRODUCTION • ' 

Many changes have occurred in the field of educa- 

Two of fchcBe have had ' a pronounced 
effect on the comniunlty collefie and. especially, the' eduqa- 
, tional approach at Central Piedmont Community College (CPCC) 
'Firstly, there ■has -been an increase in the variety .and depth 
Of learning due to the •■knowledge explklon". Z Secondly. 
there' is a greater acceptance of learning as a lifelong pro- 
cess rather than a terminal one. Thirdly, educators under-' 
stand better and are more aware of individual diff erences ' ^^ 
among learners and recognize the_ need for diverse methods of 
instruotion. , ; " \ ^ 

■ ■ GPCC has been keenly, aware of these changing needs 
and. by the summer of I97I. a tremendous movement, was under- 
way at th college to develop programmed instructional- 
materials or techniques in all areas .of instruction. So ' 
promote this, the instructipnar staff was^granted leave time-, 
to attend workshops, and conferencas and to participate in 
extensive training in'\he. art of developing programmed in. ■ 
struction. This movement was further supported by on^campus 
workshops, concerned wiy the writijig of specific behavioral 
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'objectives and the other aspects of developing programmed 
instruction. During the initial stages of the development 
of programmed instruction^ much instructor release time v/as 
available but the amount of time was decreased substantially^ 
following the initial work with the new methods of ijistruc-- 
tion* To support and to maintain the development of pro^ 
grammed instr:uction, professionally trained personnel w^re 
hired to aid the individual inst^lictional staff members ^in 



their efforts* Again» this was a school -wide movement 
which a v/elding Instructor y/as-juet as likely to be writing 



learning objectives as the college transfer instructor* An 

indication of the basic school philosophy underlying this 

innovative instructional movement is well illustrated in the 

stated school philosophy as adopted by the Board of Trustees 

and expressed in the college catalog (CPCC General Catalogp 

pp." 6^7) , ^ 

The College is aware that-i'the implementatioh of 
these objectives in an open door admlssioh environment 
will 'bring to its campus students who differ greatly in i 
age, motivation, and purpose as well as educational and 
personal background* The challenge of educating these 
students cannot be m6t with traditional,, methods of in-- 
. structlon alone* In recognition of this fac^ the fol=-, 
lowing policy statement has been adopted by the /Trustees 
oF the College i . ' , , * 

"Central Piedmont Community ^College . is opmmitted to 
the concept thatj given enough time, most students can 
accomplish any learning task* This is based on the 
concept that students basically differ in their rates of 
learning rather than their ability to learn* 

This comikltment carried with it a resolnre that the College 
must have as a major object ive the provision of ample 
opportunities for students to learn at varying rates* 
It also implies a belief in the concept* of individualized 
control of the 'rate of learning.-' 
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The Trustees and staff of the College are dedicated to 
the task of creating the environment for learning v/hich 
' is def iried Iri the above rstateme^nts of philosophy, 

objectives and -policy.. ^ ' , 

^ . , Further insight into' the philosophy of the school 

revealed" in the ''Items of Special Emphasis for Personnel" 

ated oh.the^CPCC Application' for Employment form,*.. 

CPCC is dedicated to good teaching as ,a primary goal. 
All members of the faculty and stp.ff contribute to this ^ 
goal. Each fauulty member, as an integral part of th^:. 
team, is expected to feel an Interest in and demonstrate 
entliuslasm for ^all^ aspects of the college program--not 
rrterely^ that of his/her Q\m departmbnt or discipline. 
6PC0 stresses a results^oriented approach based upon ' 
specific behavioral objectives for each staff/ position. 
This is at the heart of the College's emphasis upon 
accountability and cost effectiveness* 

CPCC is committed to providing alternative ways by, . 
which students can lea'rn. It places heavy emphasis^ on 
the availability of individualized instructl|pn and multi- 
media approaches to learning. • ' , , 

CPCC 'believes that learning is morf than accumulation 
of facts. Opportunities for a student to rneet v/ith 
teachers on a one-to-one or small group basis are impor- 
tant in the learning ^rooess. To make these opportunities 
possible, CPCC expectfe its facT^ty members to he on 
campus and available to students throughout the daily 
v/ork period as agreed upon with the appropriate depart- 
ment head. » ' 

CPCC is a "people -centered" Institution dedicated ,to 
serving its constituency, to fairness in inter-personal 
relations and to nondiscrimination on m.atters of race, 
age, religion, national origin, colorT-aex and, other _ 
factors unrelated to helping students achieve objectives. 

Organizationally, the College delegates the authority 
and responsibility for decision-making and policy^ 
implementation to those personB,,elosest to the problem. 
The department head, consequently, is an administrator 
not a faculty member who presides at departmental' ^ 
meetings. The outcomes of the teaching-learning process 
as defined by the department within the objectives and 
the philosophical framework of Central Piedmont Com- 
^ munlty College are the responsibility of the members -of . 
the department and the ■department head. ■ ; 



CPCC. efforts to a^chieve its 'bbjectives req^ulre dedi- 
cation, on -.the part of all--everyone on the team.^af, 
these expressions of philosophy and beliefs- do not^^ree 
with those you hold, it would he in. ^ your hest interest, ■ 
as well as that of CPCC, .to seek employment in an insti- 
tution that has a philosophy and "beliefs atuned to those 
..you hold. (CPCC Application for Employment, pp. 1-2) 

. dbviously, the administrative staff that was respon- 
aible for policy setting at CPCC, in consideration of the 
vproperties of the learner and the potential learner, felt V 
that new methods of instruction were needed for the "new 
kinds" of students entering the open doors of the college. 
The .conviction that new methods were needed led ultimately 
^to ^.€he Innovative instructional ' movement. Upon Examination of 
the properties of the typical CPCC student and comj^arisdn wi'th 
a typical non-community college student,' it v/ill be found ;bhat 
a very ,s-fcr iking contrast exists between the two. This obser- 
vatlon lends support to the decision that a need exists for ' 
tha reevaluatlori of the traditional modes of teaching in ^this 
community college. ' ^ ' ^' 

A local study completed by Kirhy (197if) on the , ^ 
"Learning interest of the Adult in Kecklenhuri^ County'' pro- 
vides some insight into the type of adult student and, poten- 
tial sldult student at CPCC. A concise summary of some of 
the most significant findings of the, survey are included. 

.1. Over seventy percent (168,000 persons) of the adult 
population of Mecklenburg County v/ould like to learn 
more about some subject or skill. 

2, Adults in Mecklenburg. County are Interested in a 
very wide range of subjectB and skills. 

3. Interest in learning is present in all social and 
economic strata of the county population and focuses 
more strongly on vocational , subjects . 
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Adults are most interested in learning simply for 
the sake of knov/ledge--secondarily , they are' inter- 
ested in learning as' a means for achieving personal, 
principally vocational, goals. 



5. ^ M^st adults still prefer the familiar lecture and^ 

classroom modes of instruction and see the community 
college or technical institute as the preferred loca-- 

tion for learning. * 

V _ * 

n , . • . ^ ' ■ . 

6. .Most adults would like to receive some form of formal 

recognition for learning achievement and v/ould most 
prefer that such recognition he communicated to them- 
selves, their family or friends. ' ^ . ^ 

7. Time, cost, and the pressure of home and job respon'- 
sltilltles are the gre^atest ohstacles to continued 
learning for adults. 

8. The average adult 3^earner spent ahout four hours per 
v/eek in learning "activity^ for a period of five 
months, probably did or will complete^ the course and 
financed the instruction from his own or famj^ly funds, 
(Kirby, 197^1 PP. 13-X^). . / , 

CON TEXT O F THE PROBI^M ■ ^ . 

For the pas^ five years, the/writer has been involved 
extensively in developing programmed instruction (PI) in ' 
chemistry at CPCC, Due to a constraint of time and va^iouB 
other problems, this development was carried out with little 
objective compar'ative evaluation with traditional instriic-- 
tion (Tl)--the method it has' partially replaced* The need 
for a comparative, study of traditional instruction (il) with 
the new instructional approach (PI) used in general chemistry 
at Central" Piedmont Community College was obvioue,^ 

{Numerous studies have been made comparing tradi- 
tlonal instruction (Tl) and programmed Instruction (PI) "but , 
few have teen conduc tod in the field of chemiotry in the 
community QollQge. Each institution, and more partleularly, 
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each community college has its own unique educational 
environment, and a need exists for evaliiation of instruction 
in each Institutloh. This need, is paramount if the institu- 
tion is to choose, the most effective Instt-uCtional methods 
to serve its students. ' 

; . The overall need for improved instruGtion in the 
f a0ld of chemistry is shovvn by the low percentage of student 
Buocess in practically all levels of education in chemistry ' 
from high school through four years of college* For example, 
Berchln (197^) found* that only forty^five percent of the 
students successfully completed the general chemistry pre- 
paratpry course (Chemistry $1) at Sacramento 'City College, 
while^ a respectahle seventy-^two percent of the students 
enrolled in the conventional general college chemistry class 
(Chemistry 101) for science asid engineering students com- 
pleted the course successfully at Meramec Community College 
in St* Louis. The success rate in the first quarter of 
General Chemistry 150^1^ at Central Piedmont Community College 

is about sixty percent sixty percent of those who stfirt, do 

obtain credit by the' end of the quarter* Some of those who 
do not complete the course do so the following quarter. ■ . 
This percentage is a little higher than the corresponding 
math course (Math 150^) and less than the percentages in 
other -areasi such as the social sdiences. * 

Chemistry' has long been a basic subject needed for 
many professions and technologies, and chemistry courses 
have been used to "wecid out" the apparently weaker student 
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in such fields as medicine, pharmacblogy f etc.'^ Mapy ^couraes 
have been used for this purpose hut it appears that the 
difficulty encountered in the ledrning of chemistry make it 
one of the most deslrahle,. 

Haight ^ (1976) strongly implies that a need exlslBfor' 
the oyerall evaluation of ©ducational methods of* teaching 
chemistry in light of the (l) increased volume and BOphisti« 
cation of knowledge in the fields (2) the expansion"o?^''^'^e 
student population, including the less well^prepared chemistry 
student, (3) the development of technical aids to teaching 
and learning, and (k) the attempt to define student goals ^ 
and limited ohjectlyes (pp. 5^6)* ' 

One of the major problems in ^chemistry education 
appears to lie at the introductoty level and not with more 
advanced courses* A recent study at the University of 
Illinois found no junior level chemistry majors who ranked 
helov/ the ninety-fifth percentile in his/her high school 
class (Haight, I976). Students with this kind of ahlllty 
appear to do well on any level of chemistry and, most likely, 

in any suhject area.. ^ ^ ' v . ' ^ 

\ ■ ^ - 

' .= George Hammond I recipient of the I970 American Ohe- 

mical Society's Priestly Medal (the highest honor 1^ American^ 
Chemistry) ' criticised the field 'of chemistry as Toeing "hi^ly 
conBervative" , and chemical research as being "frequently 
repetitive and stylized game playing, with elegance ievalu- • 
ated more highly than innovation.'*. He projected that che- 
mistry might disappear as a' separate discipline* Hammond 
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descri'bes chemistry education as too inflexible, conserva- 
tive and having too little variety '(Seltzer , 1975i 28) • - 
Based upon considera'ble teaching experience in inath 
and science (general science, biorogyt physics and chemistry) 
at various levels of education-- junior high/ senior high, 
foiir-year CQllege arid U. S. Army Signal Corp- -the author can 
state without reservation that chemistry la one of the most 
difficult of these sciences for the student to learn and the 
teacher to teach. It appears that improved instruction is 
needea--^s much or more in chemistry than any other field of ^ 
Bcienoe* \Constant instrucMnnal evaluation is needed in 
teaching to recogniBei. Identify, and solve teaching arid 
leaf^nlng problems * This is especially true ^f or new in-- 
struotdonal approaches- 

CLASSI FICATION OF TRAPXTIONAL INSTRUCTI ON (TI) 
AND PROGRAMMED fN STRUGTION (Pir ~ ' 

Studies of this type would best begin with a recog- 
nition and definition of three types of pro^amined material 
and three %|^es of lecture classes They are classified as - 
(J.) non--adaptive (NA) ^naterial , (2) partially adaptive (PA) 
material, and (3) totally adaptive (TA) material. ' An illus- 
tratlon of these tj^pes of ^categories is shown in the follow-- 
ing diagram I . - ^ 



Diagram 1 
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(1) Non-Adaptlye programmed material and lecture materlaX i 
does not perrnlt the deviation, of presentation ■based 
on individual .learning .characteristic Each stu--^ 
dent is presented Identical materials, steps^ 
frames, et_c * , in dependent and sequential order* 
There is no program or learning material adjustment 
made for individual differences in learning cHarac^ 
teristics at levels a s^dent will need. The non- 
adaptive lecturer teaches suhject matteri not 
students , discouragea questions, is overly concerned 
with covering speGififed material in a limited time, 
is orderly to a fault, arrives and leaves punctually, 
has little or no out-of-class time for student confer- 
ences, and is subject oriented. Typical common 
remarks from students exposed to this type of In- 
struction includes I a) goes too fast, b) expeots 
all of us to be as IntereBted in the subject as he 
* id, c) has no time for the stiident, d) dry. 
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^ e) uninteresting, f) toring, and g) *-he knov/s the 
subject but can't teach it". 
(2). Partially AdaiptivG ^pro^rarnmed ma terial permits the 

presentation of selected material based on student's 
questions and/or responses to previously presented 
Information. The quality range of these types of 
materials varies v/idely and is dependent upon the 
knowledge and skill of the author and of his aware- 
ness of the Gharacterlstics of the target group* 

Considerable Buccess has been obtained at Central 

■ 

Piedmont Community College (in the area, of chemistry) 
by the utillEation of partially adaptive material. 
The ingredients for success appear to be a specific 
definition of the learning task, awareness of areas 
or concepts which offer difficulty for the learner, 
and knowledge of the learning characteristics of 
the student body; Typical comments from students^ 
exposed to this type of Instruction Include s a) 
goodi b) I like it, c) I can proceed at my own rate , 
d) review Is easy, e) no difficulty In determining 
what is important, and f) no one knows how well I am 
doing, except me. . 
Partially adaT^tlve lectures are sensitive to Indlvi- 
.dual differences but operate v/lthln a time frame 
which inhibits total individualized attention^ As a 
result, many questions go\ unanswered * Individual 
conferences are encouraged but, with large clasBeSp 
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are limited to short question and ansv/er 'periods in 
most oases. Student comments most of ten related to 
this type of instructio^i includei (a) good instructor 
(b) goes too fast for me, because I learn slower than 
others, (c) I should have taken a more elementary 
course, (d) I am spending an awful , lot of time on 
\ homework, (e) I Seem always to "be ten days behind, 

(f) the exam grade does not reflect what' I knov/, and 
; (g) I could have done hetter if I'd had more time. 
(3) Totally Adaptive programmed material adapts com-- 

pletely to the indivg^dual learning chardcterlBtlcs in 
terms .of method of presentation, time of presehtationi 
and $he details of explanation. ^The ideal totally. ' 
\ adaptive- system has not yet heen designed and/or 
put into practice. CAI, intera^i^e television ^ 
coupled v/ith a dial--acGess and computer are systems 
that offer much .more promise in this area* 
A totally ada-ptive lecture exists primarily in a 
tutor system involving Instructor and one student 
(Mcintosh, 1971), / , 

" " ' . . ' ^ ^. ^ « ^ • 

Both the %1 and TI used in this study fall into the 
class of partially adaptive material, and this should be 
understood in any future reference to PI and TI in this ' 
study. , . . ■ ' " ' 
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It is believed that many of the contradictions which 
arise from various coinparative studies of/TI andj PI are a 
result of the failure to reeognize the necessit^yLj for like 
comparlBons within the categories of classif icationp It is 
possihle to compare one section of a course taught by the. 
,so--called lecture -traditional method with a:^other, programmed 
section of the same course and find that the traditional 
section was taught, in a highly adaptive fashionr even in- 
cluding partially programmed instruction. In other words, a 
traditional class can include highly adaptive programmed 
Instruotion in the lecture* The highly adaptive lecture is 
the exception rather than the rule, however* On the other 
Hand, it is possible to have the other extreme, whereby the 
traditlor)^.l instruction i© totally .non-adaptive with the 
programmed sectiors being highly adaptive to the learner's 
needs* These types of studies demand that the methods of, 
irstruction be well defined if the results are tp be valid. 
An examihation of the programmed instruction included reveals 
the adaptive nature of the material to be used in this study* 
For example, the "what you should know now"^ section and the 

etest. illustrate a consideration for individual differ-- 
ences of the learners. ' . 

STA^M NT OF Tm PROBiaM 

The Major Applied Research Project (MARP) study 
attempted, to determines 
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!• VJhicW of the two methods of instruction (PI or TI) 

v/ill result in greater achievement by general college 
chemistry students at Central Piedmont Comhiunlty 
College. ' , - 

2* By vfhich of the two methods of instruction will the 
Central Piedmont Community College chemistry* student- 
prefer to be taught. 
' 3. Which of the two methods of instruction will result 
in ^greater achievement by Central Piedmont Community 
^ chemistry students of high reading ability. 

VJhich of the two methods instruction will result^ 
in greater achievement by Central Piedmont Community 
College students of low reading ability. 

PURPOSE OF STUDY 

The purpose of this study was to determine the 
effectiveness of programmed instruction in chemistry at CPCC 
^as compared to the conventional methods * AS previously 
stated, CPCC had committed itself to the concept that most 
students can learn and that faculty members should Investigate 
alternative methods of Instruction in search of Improved ' ^ 
teaching and learning techniques to meet the changing needs 
of the complex student body of tAe college. 

One of the earliest programs to be Initiated on 
campus v/as the Audio--tutorial (A.T.) Indlvldualiaed lab 
program in biology v/ritten by Postlewait at Purdue University, 
The program met with Much stud©nt-instructor enthusiasm. , 
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Thfe A^T program in Mologir v/as follov;ed "by the on-campus 
development of Individualized programmed instruction in 
biolDgyj business, auto^mechanics , chemistry, etc. Much of 
the early developmental work in chemistry v/as carried out = 
in a "highly rushed fashion" with the typical neophyte mls^ 
takes being made. Due to the lack of classroom and lab 
, space, once a commitment was made to produce programmed 
instruction for one clkss, it was difficult not to Involve 
the other classes within the same classroom and labs. It q 
was found that once programmed instjruction was developed for 
a portion of the course , many students dem.anded /and expected 
programmed instruction for the entire course, M*ost of the - 
instructional development was completed without release time 
from normal teaching duties* requiring ^the sacrifice of much 
of the instrlictor ' 8 free time at home as well as at schoplt 
Thus, the situation as described left no time for objective 
comparative evaluation. It v/as believed by many of the 
faculty members and students that programmed instruction 
v/as somewhat superior to traditional instruction but little 
objective evidence was gathered to support- this belief * An 
improved grade point average for students- using programmad ' 
instructionr in addition to favorable student evaluation in 
most cases, indicated that programmed instruction ^^as, . 
apparently I at least eqvial to conventional instruction in 
student achievement and student response. As a result, the 
professional staff of CPGC was spending a tremendous amount 
of energy in the development of new methods of instruction 
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in several areas of the institution v/ith little scientific 

evaluation of the mQthods. The faculty ihemhers were en- 
couraged to develop and implement nev/ methods of Instruction 
but little effort was made to encourage evaluation of 
adopted methods* In consideration of this, it was felt 
that a "real need " existed for this comparative study. in 
chemistry p * 
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Chapter 2 
REVIEW OF RELATED LtTERATURE 

For or^gariizational purposes this i^eview of related 
literatjre is divided into thr^Qe parts, each dealing pi^imarily 
with comparative studies of TI and Pi in various areas of 
education. The first part deals v/lth studies of TI and PI * 
in the area of general education, the second, v/ith studies in 
all fields of science except chemistry, and the third part, 
v;ith studies of PI and TI in the area of chemistry. Various 
aspects of PI and TI v/ill be considered such as cost, adapt- 
ability to different areas . of education, student and teacher 
preference and effectiveness as determined by comparisonB of 
student achievement* 

For the purpose of the reviev; of literature, the 
following terms are defined i Traditional Instruction (TI) is 
teaching in the typical fashion v/ith closed classroom, students 
and a teacherp This type may be referred to as classical or 
conventional instruction. In TI the class meets for, a specie 
f led .period of time and may involve lectiire, discussion and/or 
question^ansv/er techniques. Programmed Instruction (PI) is ^ 
teaching and learning in which the Instructor may or may not 
be present in person during the learning activity. PI may 
involve use of various deliyery systems and will usually in-- 
elude learning objectives, detailed learning steps, frequent 
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reviow and testing. PI is also defined as using all or part 
of Audio-^Tuturial (AT), Computer Assisted Instruction (CAI),^ 
Computer Managed Instruction (Cr^il), the Keller Plan (PSI), 
the Sysiems ApproaGh to the Instructional Process (SAIP)|: 
Coor*dinated Instructional Systems (CIS) , Individually Pre-- ^ 
scrihed Instruction (IPI) or liearning Systems Ar^proach (LSA)* 

In some instances ? in this reviev/ of literature , 
certain studies, considered to he typical of a particular 
methodology or containing valid data related to the proposed 
hypotheses, are described in detail* These examples were 
included intentionally to give the reader a mora thorough 
insight into the general nature of the prohlem. 

PI and TI in Gene ral Education 

Sutherland (1975) completed an evaluation of indivi-- 
dualized inBti"uction for evening and part --time students in 
business administration. The study was pa^t of a program 
initiated by the Business Department of El Paso Community 
College to improve the curi^lculum for the part-time students 
which v;ere selected from a student body of about 70^ Mexican-" 
uhtrican. Most students in the group had learning handicaps 
due to poor secondary education* The study^ involved the use 
of individualized inBtructional packets for the "Introduction 
to Business" course. 

y Three (3) sections of evening s.tudentSi having the 
same instructor and including identical learning objective's 
for all sections 8 were studied. 



' with one £iection (l), an individualized instructional 
unit v/as used; v;ith another (ll), the iGcture 'method was 
employed and v/lth the rornaining section (ill), the lecture 
method v;as used v/lbh students given optional use of the 
programmed unit as a classroom supplement. From results of the 

i 

study s baGed upon achievement tests, it v/as found that the 
section given optional use of programmed ma'ierial to DUpple- 
merit the lecture method scored significantly higher than the 
other two sections* No significant difference v/as found be- 
tween the other two sections. The small number of students 
(20) that utilised the optional material in the thii^d section 
made the results of that part of the study qucnit ionable , 

Conxoy (1971) completed a study of the pffects of age 
and sex upon achievement in PI and CI in remedial Algebra I at 
a Northern Virginia Community College, An analysis of the 
equality of means of paired samples using the t-test shov/ed 
student age to be significant. The study ghowed that other / 
students achieved morep that sex v/as not found to be signi- 
ficant in achievement and, when sex and age v/ere^held con-- 
stanti no significant dlffernnoe resulted from the use of 
programmed Instruction versus conventional inrrtruction. The 
researcher suggested that further studies of the relationship 
of age and sex to achievement be made and that PI and CI be 
utilized to maximize student achievement. 

Giese and Stockdale (1966) compared the effectiveness 
of programmed and conventional workbook methods of tQachlng 
grammar I sentence structure , punctuationj and capitalization 
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in a Junior College, Two teacliers particii)ated in the experi- 
ment v;lth each toaching the PI and worlcbbok sections. The 
researcher found no significant differGnoes among the treat- 
ment groups and concluded that remedial English courses could 
he taught as effectively by PI as^ by the conventional method. 

White (1970) completed a study in v/hich the effect- 
iveness of an individual study approach to Associate Degree 
Nursing at El Centro Community College in Dallas, Texas was 
evaluated. The purpose of this study was to determine whether 
individualization of Instrvaction would enhance learning and 
help solve problems of crowded student schedule^, hetero-^ 
genous ability of ^tudents and inexperienced instructors. 
One,, hundred and ten (110) freshman and sophomore students 
comprised two control groups which received TI and tv/o experi-- 
mental groups which received taped lectures and small groLUp 
seminars. Achievement was measured and no signif leant dif-- 
ference v/as found to exist between the two groups. Recom- 
mendations were made that this individualized approach be 
expanded to include all nursing courses, and that a listening 
lab be constructed including carrels, tape players, and other 
A*V, equipment. 

The question arising for possible consideration con- 
cerning this study is "Upon v/ha-t basis does the researchar 
refer to this method of instruction as individualized instruc- 
tion?'* Actually, the lecture may have been more highly 
individualized than the taped material, This^ is an excellent 
example of the confusion boncerning classification of 
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instructional methode refGrred to 5=n the Introduotory 
cliapter. 

Tho short find long-range learning that takes place 
in TI and PI is examined in a study by Packard (1967), In 
the fall of 1964 p prospective students at the University of 
Minnesota v/ere assigned to groups for a tv/o-day orientation 
unit. The pux-pose of this orientation was to familiarize 
the student with general aspects of the Universityp The 
experimental group received the^ content from PI. The con- 
trol group received the , same information by TI, The PI group 
performed significantly higher on an immediate post-'teBt. 
There was no significant difference between the -two groups 
on their .evaluation of the method of instruction used. One 
month following the session, a retest of student knowledge, 
about the University showed that no significant difference 
existed between the two groups. The lecture group subjects 
V/ere judged to be better prepared for registration since more 
members of this group completed the prescribed test as sche- 
duled • The resb^rcher recommended the use of both PI ^and TI 
in future orientation procedures, ' ' 

An example of the apparent superiority of PI in 
teaching students how to use the dictionary is shown by 
Stockdale (I967)* In one section of a reading and vocabulary 
development course in a junior College, students v;ere' given 
PI v/hile in another section, subjects wore taught in the 
conventional v/ay. In. four of the eleven test scores of the 
experimental groups, PI exceeded the control g^oup significantly. 
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The conventidnal group did "bettor on only one of the tcistG, 
There \vas no significant difference betv/een the tv/o groups 
In six of the tests. As a result of this study, PI was 
accepted as the method of teachirig vise of the dictionary at 

this school. ' 

Briiikman (I966) explained the possibility of using 
specially designed PI to teach the visuall^.ation of space 
relations. An approximately 3^0 item program was presented 
to twenty^seven eighth grade students and ^ compared v;ith a 
matched control group v/ho received only the pre --test and ^ 
post-test while being taught by TI in the math class • The 
results indicated that uiie . sub jects in PI scored signifi- 
cantly (p<0.00l) higher than the control group. 

These results support the ^finding of Van VoorniB-^(19ij^l) 
v/ho completed a similar sjudy. His study indicated that the 
attitude of the learner may be art important factor in the 
effectiveness* of PI. Analysis, of -the attitude survey indi- 
cated that those students who felt that teachers could teach ; 
better than a program scored consistently above the median 
on the post^test when taught by this method. Most subjects 
disagreed with the statement on the attitude questionnaire 
that "one does not have to yhink when learning by PI" (Brink- 
man, p, 183) . » . . 

Brinkman's results are supported by Macomber and 
Siegel (1956) v/ho found that students who Initially held . 
favorable attitudes towgird a certain mode of instruction v 
achieved more than those viho did not have these attitudes, -y^g 
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The opinion of selected faculty at five coinmunity 
collGges in Florida concerning PI is probably typical of many 
instructors in the Community CollGge today. Handleman (1975) 
surveyed seventy-^f our soplal science, English/Foreign Lan- 
guage teachers at five Florida Community Colleges. About 
75^ of the respondents indicated that they felt the rate of 
innovation in the community college system should be reducedi^ 
at lyaot for the immediate future. Many of these instructors 
felt that innovations had resulted in academic grade infla-- 
tion v/ith a lowering of standards and de-emphasis on cogni- 
tive learning. The study Indicated that the respondents were 
not opposed to innovative teaching techniques as such and 
would favor their use, if these methods were properly evalu- 
ated before v/holesale adoption, " 

The use of the computer as an instructional medium 
has been proclaimed by some experts as having almost unlimited 
potential. Lav/rence M. StoluroWp director of the CAI lab at 
Harvard I states that ^ 

Computer-assisted instruction (CAI) is not the 
panacea for today ' s educatio^ial problems---- there is 
no single solution to problems as complex as these. 

However I Stolurow goes on to say i ' / 

CAI is comparable to Gutenberg's invention of 
the printing press in terms of the potential ^effect 
it vvili have upon education (Silberman, 1970 i p* 187). ^ 

Professor Suppes of Stanfopd, a noted CAI expert, 

says that i ^ ^ ' ' _ ^ ^ . 

One can predict that in few more years millions .of 
school children will have acceBS to what Philip of Mace-- 
donia's son, Alexander, enjoyed as a royal prerogatives 
the personal services of a tutor as v/ell informed and re- 
sponsive as Aristotle (Silberman, 1970, pp. ^ 187-^108) • 



It is interesting to notG that Suppes, three and .one-- 
half years later, diBinissed the ahove notion as hopelessly 
Utopian 

If v/e could create the "best of all possihle worlds 
for ,the children in oiir society, v/e might wish that 
each of them would have a tutor of the quality of 
Socrates or Aristotle, As a general approach to mass 
education, however, \this is clearly prohibitive eco^ 
nomically (Silherman. 1970, p. 188), 

According to Anastasio and Morgan (1972), the computer 
as an instructional medium has unique properties* The com- 
puter as an instructional medium is quite unlike traditional 
media and needs further study in some areas* Four differences 
hetween the computer and^ other instructional media were parti- 
cularly underscored: ^ ^ 

1. The procedures- for the development and structuring 
of CAI materials vary from those traditionally 
employed in other instructional media. 

2* The computer's versatility in assuming a variety 
of roles offers new possihllities for improving 
instructionj these roles range from passive Infor'' 
mational resource to simulated ^instructor. 

3, The responsiveness of the computer enahles it to 
teach a process or dynamic system through inter- 
action with a student. - 

The diagnostic cap^hillty of the computer enhances 
individualization of instructloni enormdus quantities 
of information can he exploited ahout the past and 
present performance of a particular student. 
tAnastasio and Morgan, p. 32) 

Much research has heen done concerning the use o£ ^ 
the computer in education. Some of these references are 
Included in the area of general education. . ' , 

Butler (1969) reports on the use of the CAI method 
in the lower grades In a study conducted in the New York' City 
Schools. ^ o I ^ ' 



The only instances in v/hich ngn-CAI students mad© , 
larger gains than CAI studentEi ' v;ere "at two gradG iGvels 
in schools v/ith predominantly Blaek or Puerto Rican 
populationi and the differences were not significant. 
These results are generally in harmony wl'th the numerou 
' reports from tQachers that CAI students seeiTied to 

performing better than non=-CAI students (Butler, p. 21) 

Alpert and Bitzer (1970) emphasize that, the useful- 
hess of tlie computer in teaching should not he limited to 
rote learning and drills as v/ith arithmetic. They also he- 
lie ve that CAI should be extended far beyond an automated 
version of the Slclnner teaching^ machine . They thought the 
computer should be of much value in the development . of prtti 
cal thinking, as well as the transfer of information* 

The amount of instructional time required and the 
ability of students to retain learning by CAI is v/ell demon- 
strated by Alpert and Bltaer (1970) in a description of the 
Plato system used at the University of Illinois: 

' ' Initial experiments aimed at evaluating educational'^, 
. effectiveness have been m.ade at the University of , 
IlUnois and elsewhere* The data sample is altogether 
too limited, but the results have been encouraging. 
For exami-le, a class of .20 students in a medical science 
course was taught for a semester entirely v/ith the Plato 
system. When compared with a control group in a nation- 
ally administered test* the students taught v/ith the 
Plato system v/ere found to have scored as well in grade 
performance even though they had required only one -third 
to one -half as many student-contact hours of instruction 
as those taught iri* the conventional classroom* Subse-* 
quent measurements extending over a 26-v/eek period indi- 
cated that the Plato group shov/ed greater retention over 
that Interval (Alpert and Bitaer, 1970, pp. 1^-15). 

That CAI has been v;ell received by some studente and 

teachers is shovvn by a wide variety of experiments. Alpert 

and Bitzer (1970.) list several key featiAres of CAI that 

explain v/hy computer-abased education has arouoed this enthu^ 
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1. The interactive natur this instruGtional medium . 

typically absorbs the attention and encourages the 
total involvGnient of Btudents at all age and grade 
levels, 

2v' The student rnay proceed at his ovm pace and can 
exert considerabie choice in the selection of 
alternative teaching strategies and methods of pre-- 
sentatlon. 

3, The feedback of information is applied not only in 
the learning process but also in the teachings pro- 
cess I the system provides teacher or author v/ith the 
means of assessing in detail the progress of the 
Individual student, with a pov/erful tool for evalua-- 
tion and modification of lessons , and with a mechan^ 
ism for measuring overall educational effectiveness. . 

k. Lesson materials may be written or edited at a student 
cons^ole at any location while other consoles are being 
used by students. Thus, materials previously prepared 
elsewhere may be modified by a teacher in a partici- 
pating institution (for example, a community 'college 
or a secondary or elementary school) in responBe to 
the .particular needs of his own students (Alport and 
Bltzer, 1970, p. 18). 

Interviev;s with key computer personnel at CPCC reveal 
that the full range of the CAI technique has not nearly beeri' 
reached (Mcintosh and Kirby,^ 1975)' They point out that it 
is qualitatively quite different from a film, programmed book 
or television presentation due to its flexibility and adapts 
ability. . - y 

According to Anastasio and Morgan (1972), the com-- 
puter is potentially the text, test, teacher, remedial 
specialist, A*V. specialist, guidance counselor and adminls-' 
trator all v/rapped up in one coherent system (An example of 
CMl). If so, the full potential of the computex" in education 



obviously has not been realized* 
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One of the rnain barriers to' CAI accGptance and use 
has been that of economics. Many Investigators feel that 
there are numerous, complex problems hindering the educa- 
tional acceptance of CAI- Three of the more important ones 
are listed in order of most critical to least critical. 

1. The lack of adequate softv/are and OA I ef f ect Iveness * 
2* Economics - the high cost of CAI. 
3. Technical dimension difficulties concerned with 
creating adequate OAI delivery systems. 

(Anastasio and Morgan, 1972, p* 11) 

Mcintosh and Kirby (1975) have indicated that in CAI 
trial programs at CPCC, they have found both the- high cost . 
and the shortage of good software to be the largest obsta- 
cles to CAI acceptances 

Anastasio and Morgan (I972) point out that one of 
the major Impediments to CAI ' s acceptance in education was 
the lack of basic research in theories of learningi and that 
there exists a v/ide gap between the present theories of 
learning and their application. One applicatibn of the 
stimulus-response associat ionistic theory of learning is 
programmed learning, v/hich has been the mainstay of teaching 
machines. Although B. F. Skinner was not the first to sug-- 
gest this approach to teachlngp he has populari'zed it the 
most. His idea was to treat classroom learning like any 
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other situation in which certain bGhaviar v/ao to be ohaped. 
He thought that the leaxmer should progresB gradually from 
the familiar to the unknov/n, and that learning should be 
ofte'n reinforced. The rate of learning will vary from person 
to per^son, and therefore a need for individualised instruction 
exists. Skinner * s solution to this problem was his teaching, 
machine utilizing programmed learning (Hill^ I963). 

Programmed learning has been applied many ways, and 
it appears that the computer may hold the most complete 
mechanism for the implementation of this kind of learning. 

PI and TI _ ln_ Science Education 

One of the earliest types of programmed instruction 
used at Central Piedmont was the Audio^Tutorial (AT) approachi. 
similar to the type initiated at Purdue University in l96l* 
Since 19^1 , scores of AT programs have been developed and are 
being used in Community Colleges all over the United States* 
In most cases they are adaptations of the prototype used .at 
Purdue. The evaluation of many of the AT programs have ^ been 
^omev/hat subjective 1 according to Sparks and Unbehav/n (I971). 
TDn a highly controlled and well designed experiment, these 
investigators compared the achlevejnent of an AT section and 
a TI section, of General Biology, The groups v/ere formed after 
the students v/ere .administered the science portion of the 
.American College Test (ACT). The design of the AT section of 
the couirse was nearly identical to the - Pdstle thwait system. 
The AT .group consisted of I90 students while the Tl l^oup 
included 180 siudentSi The results indicated thati 
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1. The tv/o groups selocted for the study v/ere equal In 
iGarnlng ability. 

2, ThBTQ was a Bignificant difference in the achievement 
of students in the PI group in three of tiip units 
covered (Sparks and Unbehawn, 1971, 576). 

Students in the Tl section failed to excel* signifi-^ 
cantly in any of the units. ^ In addition to the aohievement 
gain as measured by the Total Biology Test, student acceptance 
of the AT method was high* Ninety percent (90^) of those 
enrolled in the AT section indicated they would, choose this 
type of instruction again, 

Mintzes (1975) completed a survey of' the AT approaches 
in v/hich he summarized and evaluated the researdh on AT 
instruction^ Table 1 shows a summary of the results of com-- 
paring TI and AT methods of instruction* ' . 
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Table 1 
COMPARATIVE r/iETHODS STUDIES 



Author 



Type of CourBe 



Analytic 
Proaedure 



Russell (1968) 



Qrdbe (1970) 



Sparks and 

UnlDehaun 

(1971) 

RowBey (1973) 



Maccini (I969) 

McClurg (1971) 
Hinds (1971) 



General Biology 
Junior College 



Biology for' 
Nonmajors 

General Biology 



Animal Biology 



General Geology 



General Geology 



Inservice Ele- 
mentary Teacher 
Education 



Analysis of 
variance 



Analysis of 
variance 



Analysis of 
variance . 



Analysis of 
variance 



Results 



Significant dif-^ 
ferences favor- 
ing conventional 

No d if ferences 



Significant dif^ 
ferences favor« 
ing A-T 

Significant dif- 
ferences favor-- 
ing A-T 

"Slgnif idant 
gains" for A^T* 
no control 

No differences 



Significant dif^ 
ferences favor- 
ing A^T 



(Mintzes, p. 2^1-9) 

v. ■ 

In suramarizing the results of the comparative studies » 
Mint2.es states 1 v 

The results of comparative studies appear to te in- 
conclusive and even contradictory. ' Of the several studies 
reported here, three found the.A-T approach to signifi- 
cantly l>etter, two/found no differences, one found the 
conventional jnethod tetter,^ arid one failed to use a con- 
trol group (Mintzes., 1975, p. . 

- A second type of study that has been made concerning' 

AT is that which investigates the relationship tetv/een student 

characteristics and performance in AT courses* This type of 
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study is labeled "Trait-Treatment Interaction" or "Aptitude 
.Treatment Interaction. Mintzes (1975) indicates that results 

are somewliat contradictory at times, but a number of impor- 
tant conclusions appear to be revealed by current research: 

(1) strong baekgrounds and/or aptitudes in science, 
and tnathematics appear to contribute significantly to 
achievement In A-T biologyi (2) personality measures 
such as t^e GZTS "restraint" and "ascendance" sckles and 
the 16pF. "intelligarice" scale appear to be related to 
achievement; (3) biographical •variables such as high 
school grades and class rank, as well as college major 
and college grade-point average appear to be predictive 
of achievement. ,0n the basis of these findings, it is 
apparent that a "general intelligence" factor is re- 
sponsible in large part for the variance in schlevement 
levels among students enrolled in. AT courses, as in most 
other instructional situations (Mintzes, 19?5,*p. 2^9)* 

Table 2 summarizing this is Included in the appendix. 

Mintzes (1975). in a third general group of studios, 
surveyed unreined instructional variables associatfd with" 
the AT approach. The resiults of these are interesting and 
are summarized in Table 3 • ' " ■ = 



Author 

Nord 
(1969) 



HuB"band 
(L970) 



Hoffman 
and 

Druger 
(1971) 

Kelley 
(1972) ^ 



Shields 
(1973) 



Table 3 

SlfUDiES OF INSTRUCTIONAL VARIABLES 



Type of 
Course 



General 
Biology 



General 
Biology 



General 
Biology 
units on 

heredity 

General 
Biology 
units on 
genetics 



General 
Biology 



Major 
Question 



Analytic 
Procedure 



Achievement 
under varied 
attendance 
requirements 

Effect of. 
th*e "threat 
of a grade, 
in the oral 
quiz section'* 

domparlson of 
•'direct'' and 
"indirect" 
A ^T ' appr oache 1 ; 

Effect of 
use of 
hehavioral 
oh jectives 
in A-T 
lessons 

Effect of 
use of hm- 
havloral 
objectives 
in A-^T ^ 
lessons 



Analysis of 
covarlance 



Analysis of 
varianoa 



Analysis of 
variance on 
''loss scores" 



An|J.ysis of 
variance 



Analysis of 
variance 



Results 



No effect 



No effect 



Significant 
dif ferenoes 
favoring 
"indirect" 

Significant 
differences 
favoring 
objectives 



No effect 



zes, 1975 • 251) 



Berchln (1972) completed a study comparing the large 
group mode of Instructioni individualized programmed Instruo- 
tion, . and the AT mode of instruction in terms of learning 
outcomes and cost. This reference is deemed valuablB because 
it deals v/ith the Community Colleges that belong to the 
••League For Innovation" of v/hlch CPCC is a member^ However, 
the study has oome sovere limitation, e.^. the limited time 



span, small number of courses involved and lack of randomly 
aele.cted courses, Berchln concluded thats 

1. Changing the pattern of classroom organization or 
the instructional mode can reduce per-pupil co°ts ' 
and Increase learning ef f ecti^-eness . ^ 

2. Courses organized under the large group mode of 
instruction generally are less costly 6n a per-^pupil 
basis than conventionally organized courses. 

3. Courses organized under the individualized programmed 
, mode of instruction are generally less costly on a 

per-pupil iDasis than conventionally organized ^courses, 

Courses under the audiotutorial mode of instruction 
are generally more costly on a per-pupil basis than 
conventionally organized courses, • • 

5. Comparing the. three nonconventlonal modes of instruc- 
tion, courses under the large group approach are the 
least costly on a per-pupll basis, followed by those 
using the individualized pr6grammed approach, and 
lastly, by courses under the audiotutorial mode. 

6. Subjective data indicate that courses taught under • 
one of the nonoonventional modes of instruction 
generally produce more effective instruction than 
their matching conventionally arganlzed-courses . • 
(Berchin, 1972, ^. ^ - 

Table ^ relates the extent that AT is used in seleoted 
Community Colleges and an estimate of learning that is being 
realized with each method. The calculated average from the 
data in the table indicates little difference in the two 
methods with respect to percent, completion and' student grade 
indexes . , 
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A OOPARISON OF LEARNING OUTOOIS BEWN 
OOURSES UNDIR m AUD^OTUTQRIAl AND M 
CO^NTIONAL MODES OF INBfRIJCIION 



Name of Course 


District Where Coi^se ^ 
Is ^im • 


Audiotutorial 


Conventional 


Percenta|i 
. of StudentE 
Completing 
the Course 


student 
1 Grade 8 

(Weighted 
. Index) 


Percentap' 
of Students 
Completing 
the Ooursi 


Student , 
Gradis ' 
(Weighted 
Index) 


Alpora, Intsr- 
lediate Oil . 

- - - ir 


Dallas County Community 
Coll'eee Distriet 


19.23 




33.33 




■Anatomy and 
PhysiolosY 


\ 

Central Piedmonj Ooni- 
nii^itv CoUeei ' 


93.55 




96.63 


2.90 


Anthi'opology,- 
Introduetion 


Santa Fs Junior CQllege 


B3.33 


a, 65 


66.87 


1.96 


Biolofical Con- 
oepts 110 


Maricopa County Junior 
Collep District 


55*36 

WW w - 


' .1.?! 


00,3^ 


3.71 


Bioloffv 1 


Los AmqIss GoiMuiiitv 
College District 


8?.86 


2.39 






Bioiofy lA 


los Bios Coiiiunity College 
Diatriot 


BOilj 

* 


2.35 






Biology II 


Coast Community College 
District ^ 


i 


1.98 


,N,A, ' 


N.A. ' 


Bioloiy 112 


Brookdale Community College 


^8,89 ' 

i 


;i.o7 ■ 


N.Ar 


. N.Ai 


Biology 11 j 


Dallas Oounty Coramunity 
Gollep District 


■ - 




,60,31 


i.a?, . 



(Oontinued) 



Name of Course 

i 




_ Audiotu 


torial 


Conventional 


District Khiiri Course 
Is Givin 

i 


Percintap 
of Students 
Completing' 
the Coiffse 


Student ■ 
• Grades . 
(Wei|hted 

Index) 


Pircentap 
of Students 
Completing 
the Ooiarse 


Student 
Grades 
(Weifhte! 
: Index) 


Biology 115 , 
Cheniistry jr 


Dallas County Community 
CoUeie District 

Los Rioi Community 
Oolleie District 




1.85 
LOO 


85.61 

^5.16 


1 70 
1,06 


Chemistry, Gen- 
■ eral College 


Junior Collep District 
of St, Louis 






• 72.38 

i 


1.5? 


, Econoraieg 102 


Brookdals Community Oollige 




1.32 


N.A. 


NiA. 


, Elictronics 230 


Brookdale Community Collip 




2,56 


N.A.. 


N.A,. 


Enilish A-B 


Coast Community Collep 
Distriot . " 


^8.03 


1.20 


60,8? 


1.30 




hQB Kios wommunity collep 
District 


86.26 


2.29 


95.53 ■ 


2,87 


.Mathsmatics 115 


Maricopa County Junior 
Oolleie District 


N.A, 


N.A.^^ 


N,A. 


N.A,' 


Nursing 111 


Dslta Oollegi 


69.31 ■ 


• 1.89 


90,32 , 


2.06 


Psychology lA 


Poothiir Community Collep 
District , ^^^^^ 


, il'CO' 
.'■66.128 


kZZ 
1.85 

(Berehin 


MM' 
69.90 


i%aa 



:FRir 



Table 5 conc&rns the cginpar.ison of learning outcome 
^etv/een individualized programmed modes (excluding AT) and 
the ocMiventional modes in the areas of science and math. 
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Table 5 



A COMPARISON OF LEARNING OUTCOMIS BEMN 
OOURSES UNDER m AUDIOTUTORIAL AND m 
GONVENTIOiL MODES OF INSMOTION . 



Name of Course 



Data Process in| I 



Deyeloprnqntal 
Math, and Eleni. 

llectronic, . 
Repair 50 ^ 

Geniral Physics 



Mathematics U? 



Physical Science 
I . ' / 

Physical Science 
121 



District Where C our si 
Is Given 



Foothill Qgnraunity College 
District ' 

Junior dollige District 
of St I Louis 

Los Rios OoMunity 
Oollep District 

Santr Fe Junior Oollip , 
Dteicf 

Moraine Valley Ooniunity 
,Oollep, 

Junior Oollep District 

of St. Louls^ , ^ ^ 

Santa Fi Jimior Gollep 
District:. , 



orial 



Percentage 
of Students 
Completini 
the^ Course 



■62. JO 

6i^,70 
95.00 

N.A.' 

im 

87,50 



mm 73.35 



Student 
Grades, ^ 
(Wsiihted 
Index ) 



a. 12 



N.O. 



ConYentional 



Percentap 
of Students 
Compliting 
the Course 



86,5? 



2.22 



1.86 



2,29 



80,00 
56,6? 

''3?.?3 ' 
ai;82 

86.6? 
100,00 



Student 
Grades ' 
(Weighted 
Index) 



75.69 



,1.90 
1^3? 

1,31 

3,18 

2.90 
2.06 



(Birehin, 1973, p. 31) 
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Tames oomparlng the learning outcomes of the large 
group mode and the conventional mode of instruction and a 
comparison of instructional cost are included ' in the appendix 
as related inf ormationp 

The decrease in North Carolina State revenue ava:il- 
a'ble for education in I976 has resulted in an increased 
emphasis on educational cost accountability at CPCO with 
respect to methodology. Berchin (1972) compares the cost of 
AT and TI in Tahle 6. 

Apparently the. cost of AT Instruction is significantly 
higher than conventional ir^struction based on the averages 
calculated from this table* ' - . 




'I ^ ^ 

A CO^f ARISON OF DlffllCT B'STRUOnONAL COSTS 

wmm CQURSis uier m audioiutorial m 
. m mmnm modes of instruction ■ 





,/ 


Audiotutorial 


Conventional 


Nanie of Course 


District Where iOourse' Is Given 


Cost per Pupil 


Cost per Pupil 


Algebra, Interme- 
diats 013/ ■ 


Dallas County Conimunity OoUep 
District ' 

fipTitr'al PipflrnflTi't Cofiifnufiitv CollpffS 


1 21.60 

~7 ' 7 J 


2f.33 


Introduction, 




1^.5? 


^ 20.04 ' 


Biological Con- 
cepts 110 


Maricopa County Comniunitty 
College Diitrict 


■ 'lOi^.50 


54.64 


■ . • 
Biology 1 

Biology lA 


Los Aiigeles Coiiiiiiunity^ Collefe ' 
District 

Los Rios Comniunity Golleie District 




49.93^ 
159.13 


3iolo|y II 


Coast Conimunity. Collsgi District 




N, A, . 


Biology'112 


firookdale OoiMunity Oollige' 


■■'8i.?3" 


N, A. ■ 


'Biology 115 


Dallas County Cownity Colleie 
District 


■ ^1.29 


46.20' 


Biology Uj and , 
101 


Dallas County Oominunity Oollsge 
District ' . 


' 41.31 


102, W 


Cheiiiistry 51 


Los Rios Community, College Diitriet 


113.58 ' 


127,35 



Table 6 
(Continued) 



Name of Course 


District Ifhere Course Is Given 


Audiotutorial 
Cost per Pupil 


Conventional 
Cost per Pupil 


Cheiiiistryi General 
Goilep 

Economics 102 


•■ Junior Collgge District of 
St i Louis 

Brookdali Coimunity College 


1 nn n 


$ ?6.?8 
N.A. 


English A-B 
Kuwanities 1 


Ooast Community Collep Diitrict 

1 

Los Hios Community Collep District 


16.58 


i 

29.83 
30.5? 


Mhematics UJ 


Maricopa Oounty Community College 


?0.8l 


5^.12 


Nursing ill • 


Delta Oollep' 


303.96 


339. ?7 , 


Psychology lA 


Foothill Community OoUege District 


16. 5? 


10,1? 




■ Averap Cost 


95.81 


?8.73 



(Berchini 19?2, p. 81)' 



Tabor . (19?^+) compared the ranulta o.r convant:i onal 

.limtrnot'ion and PI .in a courBS , "Blocitr.ical C.ircultb", offered 

in the Mechanical Enfil.nGQrlnr; TochnQlogy prof^am at Cuyahoga 

CDmrnunity College . PI v/as baot^d on the PSX approach as mmd 

in the Keller Plan. The rnost irnportant results v/erei 

1. The percentage of stiidentB that completed the coixrse 
as taught by PI was ulgniricantly higher than those 
finiBhing in the TI sections* These reBUlts are com- 
jjarable v;ith tl'iOLie in most r^, Ludios involving AT 
coui'seB. 

2* The grade received by each ntudent was independent 

of the method of instruction used (Taber» 197^ » p# 3?) 

McAlexander (1975) compared the achievement of 
students enroljLed in Physics I v/ho v/ere taught by TI or PI. 
He found that a significantly higher number of students 
suocessfully completed this course in PI sections (PSIp Keller 
Plan) than those in TI sections (p>.05)* The study also indi- 
cated that a sigriif icantly liigher percentage of the student 
receiving PI achieved A or B than those receiving TI (p^0*05)* 

Another comparative study by McAlexander (1975) at 
CPCC in the area of Shop Science revealed greater achievement 
using PI than TI . The study involved two different instructor 
both of whom taught a PI and a TI section* In each Instance, . 
the PI section achieved signif ieantly more than the TI sec- 
tion* ' ' i 

Brantley (197'+) complptcd a comparative study of AT / 
and TI in a physical scienca class at Pensacola Junior College 
in Florida. The results of the study revealed thati 
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1, TI taught studf^ntB acjiieved Digniricantly more 
than AT taught students* 

2. There v/as no dirfDronce in achievement with reBpect 
to age and Bex among students taught by either 
method, 

3- Studonts v/hose ages ware 21 years or older scored 
Bignif icantly higher in hoth AT and TI groups* 

h-. The final gr-ade in the coiirse taught by AT was 

directly proportional to the amount of time spent 
in labi 

«^ 

5. ^ The attrition rate v/as higher in the TI section* 

PI and TI in Chemistry 

_-.One of the few comparative studies of PI and TI in 
high school v/as made by Summerlin (1971) funded by a NEVJ ■ 
grant. The purpose of the study was to determine the effect- 
iveness of short'-term tutorial-^type CAI in selected topics 
in high school chernistry. The TI group was taught using an 
informal lecture^discusslon style typical of high school 
teaching. No films or other AV equipment were used in the TI 
section- The CAI units were designed to allow the students 
to progress at their own rate* The computer program was 
able to make the decision as to v/hether a student needed 
reviev/ at any given point in the unit, based upon the number 
of Incorrect responses given* After each incorrect response, 
the computer, gave the student supplementary information and 
indicated whether the student should try again or return to 
a previous soction of the jjrogram. If the student continued. 



to Gnter incorrect responijes to the same questions, he v/as 
diroctod to a reading .asfsignrnent or given the corrQct answer 
and a solution scheme for the problem. Students could revie\¥ 
after each series of presentations ty the computer. If 
students elected to rGview, they were given supplementary 
Information explaining each problemi using a different 
approach than v;as used in the first exposure. Students also 
had an opportunity to be directed to an advanced tract if 
their responses were consistently accural:e. A description of 
the computer program used in this study reveals it to be a 
well--planned and well thought-out program. The results of 
this study showed that students in the CAI group appeared to 
learn twice as fast as those in the TI g^oup because they com- 
pleted the program in about kOf§ of the time required for the 
TI group* VJhile the TI group scored significantly higher on 
the post-test than the PI group (20^ higher), the CAI program 
was ^rated high by most students in the study, / They v/ere 
satisfied v/ith their learning using CAI, and many felt that 
CAI was superior to TI* Yet, when they v/ere asked by wh5,ch 
method of instruction they preferred to be taught, they 
selected TI becavase "the teacher has a personality and the 
computer doesi}'t" (Summerllni 1971, p. 26). 

CAI has teen, used in some lab experiments with some 
^success. Suppes (1973) reports that a portion of the fresh- 
man^ chemistry lab v/ork at the University of Texas has been 
computerized. This was done partly because of the very large 
number of students (over 3f000) taking ganeral chemistry, 
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Some v/ay had to be found to replace a portion of the laTDora- 
tory activity with simulation. 

An example of one experirnGnt "being used with sucaess 
is described i 

The time required to complete a typical ''titration 
ciirve" exp'eriment in general college chemistry (or QUANTITA^ 
TIVE ANALYSIS) using a PH meter, stirrer, "burette, etc, , will 
range from tv/o to three hours depending upon the operator- 
This titration would include only one acid, using no more than 
two dissociation constants. This same experiment may be com^ 
pie ted in much more detail^ using Jlie^c^^ 

Breneman (1974-) . . on a UNIVAC series 70/46 computer, only 
five and one-half minutes of computer time is required to 
titrate a total of fifty acids with one to four dissociation 
constants each. In addition, ^ the titration curves are plotted 
,for each of -the acids and each of the constants. Thus, a 
student could obtain much more data in much less time v/ith 
the computerized lab than the traditional labt In the typl-- 
cal titration experiment, the Student does little more than 
add small increments of reagent and. record the pH meter read- 
ings. In the opinidn of the author, if this particular experi- 
ment v/ere computerized, the student would miss very little 
lab experience P 

Wilson and Atkenir (1968) report that CDfnputerized 
lab programs in advanced chemistry involving complex and/or ^ 
dangerous experiments have been considered successful from 

an educational,' economical anjd safety standpoint at the Unl^ 
versity of Texas. n 



Cheek (I975) completed a t)rief study, ^ with ^ quasi^ 
experimGntal design, in v/hich CAI v/as comparGd v/ith TI to 
detex^mine by v/hich inathod the fitiuJont praferred to be taught 
and by v/hich method the student' achieved more in a unit in 
genei^al chemiotry. The study was limited to a small group 
of students because of class size and the availability of 
only one oomputer tez^minal for student use* a detailed des^ 
cription of this study is Included in the appendix because 
of its similarity to the Major Applied Research Project. 

O'Connor (197^) has come up with yet another new 
program called the "Learning Systems Approach'' . This method 
is very similar to many of the other individualized , pro^ 
grammed designs. The nev/ program , in use at Texas A & M 
University, apparently increases the amount of achievement 
v/h'ile decreasing the learning time for the student In freshma 
chemistry* Student evaluations were favorable and both 
learning and student self --satisfaction v;ere dramatically 
improved, although no statistical date v/as presented In the 
article to validate the reported sucaesSi 

It appears that four-year college chemistry faculty 
, attitude tov/ard new methods of learning is becoming more 
like the attitude of faculty in the^ typical community cbllege 
This is v/ell illustrated in a quote frdm O^Connor (I974, pp.' 
18-19). ^ / 

What this system means to the student is thaj the 
faculty cares about him and v/ill do everything possible 
to provide a variety of ways to help him learn the 
subject. It also means that the student must care 
enough to assume the responsibility of using whatever 
means necessary to learn the material. The system v/ill 
work if the student works. • 
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Vandenbroucke (1975), in' BGarch of alter^natives to the 
standard lecture approach in chomistry, has experimented v/ith 
the use of both the programmed text by Runquist (used at CPCC 
as a, supplement) and with the Personalized System of Instruc- 
tion (PSI) in freshman chemistry at VJartburg College, Waverlyj 
lov/a. This study dealt primarily v/ith a comparison of PSI 
and TI. Student I'DBponse to the PSI method v/as somev/hat 
favorable v/ith the number of students transferring in and out 
of the PSI section about equal/ The results of a student 
eyaluation questionnaire indicated that sixty--seven percent 
felt that they would^ prefer the PSI approach in .future 
chemistry courses. Seventy-^six percent rated the course 
above or v/ell above average, while only. 3?S rated it below 
average. Test results showed that there v;as no significant 
difference'! in general chemistryi between the levels of 
achievement when students were taught ' by PSI or TI, In his 
conclusion, Vandenbroucke points Out that; 

Students tell you that they feel they learned more 
in PSIp While the test results in this study seem to 
contradict this, possibly v/e are not testing for the 
kinds of things the students are learningl They leave 
the course with a better feeling about chemistry than 
do students in lecture sections. More important, the 
students have a better attitude about learning, and 
learning is the goal of teaching { Vanderbrouke , 1975 i 
p. 516)* 

Hedrick (1975) used a modified form of the Keller - 
Plan (PSi) at EliaabethtowTi College, Pennsylvania in an 
introductory chemistry course. The^ Keller Plan v;as used 
from I97O--I973 and the results compai^ed with achievement 
prior to 1970. Hedrick (1975) found that ths modified Keller 
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plan did not yield reDults on the A.C.S. Standardized Exarnina-- 
tion (Form 196? ) that v/ere Bignif icantly difforent from TI* 
This study indicated relatod that ronponue to PSI v/as posi^ 
tlve and studejnts Boerned to like the self ^pacing aspect of. 
the moth.od, IDspecially, they liked the option of exam 

•V 

retakes. The investigator felt that, In eonsjideration of the 

amount of student and faculty time spent on the three -^year 

project, results v/ere discouraging hecause, although gradee^^ 

were higher under PSI, student scores on the A.CS. Exam 

remained ahout the sames For the academic year 1973-74^, the 

discussion group v/as dropped and replaced hy a lecture in an 

effort to improve student retention. The author of this 

study concluded the article vdth an excellent points 

Different students have a "best way" .of learning-^ 
for some it is the discussion group, for others the 
lecture, for still others self ^study, ^ The list is 
legion. What v/e need to do is to provide v/hatevet 
method is best for the individual student (Hedrick, 
1975, 65). 

One of the most successful uses of programmed learning 
in chemistry has been carried out by*Dr. Helder and Dr* 

Walter Hunter of Meramec Community College in St. Louis , 
Missouri. The method they used was called the "Systems 
Approach", an individualized programmed approach developed. by 
Dr. Heider for the first=year premedical and pre-^ei^, neering 
chemistry students. The coi^rse material included textbooki 
v/orkbonk, student response book, exercises, axidlo^taped films, 
and testing materials, Lab experiments were an integral part 
of the program.^ Dr, Hunter completed an eleven unit study 
in v/hich l80 students were divided into five dlffdrent groupss 
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1. Individualized learning 

2- Pre-test group • 
3. learning theory group 

A* 

Criterion Unit^test erouD 

it 

5. Lectiire group 

Theg© groups v/ere set up :for the purpose of answering 
specific questions I 

1. By v/hich method of instruction will general chemistry 
students achieve the most? 

2. Do pre^tests on unit objectiYes have any effect on 
achievement? 

3. Will learning theory lectures (on how to learn) have 

any effect on achievement? 

# ■ 

Will criterion evaluations of unit tests have any 
pffect on achievement? 

The study indicated that 1 / . 

1, Students in the individualized learning groups 

achieved a significantly higher level on the final 
exam than students in the lecture treatment group, 

2* Students achievement" in the individualized learning 
i was sigriitficantly higher on only two of the unit te^t 
in the Btudy* 

3* Pre^testing on unit objectives resulted in sTLgnifi-- 
cant achievement increase, / 

Criterion evaluations of unit test resulted in incre- 
mental achievement differences. 

/ 5* Learning theory lectures on how to learn have little % 
effect on student achievement. . * . 

* 
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6, Students of either high scholastic ability or pre- 
vious high academic achievernent learned si^iif icantly 
more than Btudents of low scholastic abiiity or low 
previous academic achievement (Hunter, 1973 » P * 38) • 

The roBearcher felt the result of his study strongly 

supports the utilization of an individualized approach to 

general college chemistry. The Individualized appr^oach 

described by Hunter (1973) has most of the typical charaC'- 

ter-istics of programmad instruction as defined in this stvidy. 

The inBtructlonal methodology used in Hunter's study is 

based primarily on the -"Systems approach". 

Summary ^ 

The search of the literature revealed that many com-* 
parative studies of PI and Tl have been conducted. In this 
review no attempt was made to summarize and/or tabulate the 
total research on the subject. ^The examples were chosen from 
various fields and are believed to be typical of the total 
literature. This is particularly true in the area of science 
and chemistry. Other investigators have attempted to survey 
large portions of tlie literature on the evaluation and com- 
par3_son of TI a^ PI. Three of these are included at this 
point, ^. / r 

A literataure review by Lang (19*?2) shov/ed that be-, 
tweert i960 and, l^Sk- 112 comparative studies of. TI and PI 
were conducted to determiiae by which method achievement was 
high^r. Fotty^ofte jj^rcent showed PI to be superior^ k9 no 
difference, and ^10^ found PI to be less effective than Tl\ 
Lang's survey also revealed that the amount of time needed 



to complGte aeBignrnents wath PI' is uBually leos than v;ith TI, 

Xiang surmnarized the survey ty Btatlng: 

It appears, on the Imais of the roncmrch to datG, 
that it is rGasonablo to cono^ude that PI is genGrally 
as effeotivG as TI and may result in decreasing the 
amount of timQ required for a student to achieve a 
specific educational goal (Lang, 1972, pp- 3^-35)* 

Another survey of PI and TI v/as conducted by Schramurrifn 
(196^), This survey of thirty^-six studies revealed that of 
the thirty-six, eighteen showed no significant difference in 

oi'formanca between PI and TI, seventeen showed a significant 
superiority for TI. 

Another more recent survey by Hunter and Lingle (I976) 
of the nineteen--state region of the North Central Council of 
Communitj^ Junior Con.leges indicates a strong belief by .the 
practitioners of individviali^^ed inBtruction that achievement 
and Btiident acceptance of individualized programmed Instruc-- 
tion was superior to TI* This is summarized in the following 

table • Please note this dkta was tabulated from the opinions 

* J* - 

of the practitioners. The complete table is presented in the 
appendix as general information. 
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Table 7 . ■ 

PRACa'.TT:[ ONERS OPTNION REGARDING INDIVIDUALIZED 
INSTRUCTION BY SUBJECT AREA 



Sub.iect 


Cost-effective 


Sti 
AchiE 


iden't 
^einent 


student 
Pr'ef erencB 




_More 


LOBB 


Increased 


peoireased 


Yes 


No 


HumanitiGs 


39 




78 


0 


7k 


0 


Bo nee 


kg 


28 


79 


k 


73 


2 


Math 


51 


■ 19 


83 


k 


70 


9 


Technical 


66 


17 


86 


k 


71 


10 


Business 


51 


21 


82 


3 


82 


k 


Social 
Studies 




30 


^ 83 


5 


72 


6 


Health 


63- 


16 


90 


0 


73 


,10 


Communis- 
cations 


'4-6 


21 


8^+ 


3 


71 


7 


Overall 
Average 


52 


23 


8k 


2 


7k ' 


7 



(Hunter and Lingle, I976, pp, iS-l?) 

This table indicates that the survey of professional 
people using individualized instruction helleve thats 

1, Individualized instruction is more expensive. 

2, AGhievement by individualised instruction is much 
greater, 

3* Student predominantly prefer individualized- instruc- 
tion * ' 1 

66 
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In Burnmary, the libBrature review suggests, no. clGar-- 
cut BUpsi-^iority for either inethod of inBtruction In/berms of 
achievement. It appears that PI is at Ic^ast as ©ffective as 
TI in terms of student aGhievement and may require less time 
to complGte. It also appears that students may have a slight 
preforGnce for PI, overall* ■-rhroughout the review, the pro-- 
tlam of olasslf ication of the methods of instruction and the 
lolacing of them in the correct categories of Pf and TL was 
noted. It is felt that this prohlem arises from a lack of 
standard definition by the researchers. As a result of this 
poorly defined classification of methods of PI and TI, some 
of the data and results may have questionable validity. 



\ 
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Chapter 3 
MAJOR ISSUES ^ HYPOTHESES 

Pilot Study ' ' ' ^ 

^ A jllot study v/as completed during the Winter Quarter, 
1975, at CPCC (January 1 ^ March 30), a summary qf which is 
included In this paper* The pilot study was made using 
material from module #k of the FiARP andr since it was felt 
that the pilot study made a substantial contribution to the 
J1A.RP, the description and results of this study are included 
in the main body of this paper. 

The purpose of the pilot study v/asi 

1. To gather data to be used in formulating a hypotheses 
for the-MARP. 

2. To test the , feasibility of the proposed MARP and to 
uncover any unforeseen problems that might arise* 

3- To evaluate selected instruments to be utilized in 
the MARP such as the student eva^ation q[uestionnaire 
and pre- and post--tests» ' ■ ' ^ 

To gathet data on the problem to supplement the sub- 
sequent study. . ^ , ■ \ 

The pilot study v/as concernea with, a comparison of 
TI with PI for two similar unltB in general college cliemistry 
The purx^ose of the study v/as to determinei 

1, By which of the two methods of instruction will a 

6H ^ ■ * ' 



'- > 

general chemistry college student achieve morep v/hen 
given. equivalent class time. 
-2.. By v/hlch of the two methods of instruction will the 
student prefer to Td© taught, hased. on these units 
of study. 

The pilot study differed from the MARP in that the 
class time used for both Tl and PI were held constant. In 
I the MARP study there was no time restriction made on PI 
(within reasonable limits). Students receiving PI in the 
pilot study v/ere given the same amount of time ^on each unit 
as the student receiving TI, Students were not permitted 
to remove any tapes or written material from the PI lab or 
from the TI class except ^unlt objectives and their own notes* 
A summary of this pilot study is included: 



Diagram 2; FLOW DIAGRAI^I FOR PILOT STUDY 
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15 STUDENTS 
GROUP A 



MOIARITY 
UNIT— TI 



si/ 



ts^OBMALITY 
UNIT — TI 



30 STUDENTS 



□ 




PRE "TEST AND 
_GRADE AVERAGE 





POST- 
TEST 


\ 





STUDENT 
EVALUATION 



MSULTS 



EVALUATION 
OF RESULTS 



CONCLUSIONS 



RKCOMMHNDATIONS 



15 STUDENTS 
GROUP 1 



J40LARITY 
UNIT~PI 



NORMALITY 
UNIT--PI 
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DESCRIPTION OF TliE ACTIVITIES IN TM PILOT STUDY * 

1. A pro- and post-^test v/ere doveloped and then critiqued 
and checked by several advanced chemistry students 
and by tv/o instructors. ^ This material was also eva-* 
Ixiated as excellent by Dr. Roueche, University of 
Texas. Criterion reference testing, was used on the 
ost-test. These tests v/ere given for two reasons: 
1) to aid in placing the 30 students into two equal 
groups, and (2) to measure the amount of learning 
that took place by both the lecture and programmed 
packages. 

2* The population sample v;as selected from a general 

chemistry class at Central Piedmont Community College 
and^placed into two equal groups on the basis of the 
pre^test score and on the basis of their class grade 
average up to that point* ^ 

3, The students in both groups were briefed' at the same 
time on the purpose in conducting the study, and they 
were given the necessary background for the unit to . 
assure that each student had equal footing in terms 

of \7hat "he should now knov/. " 

__ _ . ' , 

The unit on molarity was taught to the tv/o groups. ^ 
One group used PI while the other group used TI v/ith 
both groups given equal amounts of time.. No parti- 
cipant was permitted to remove any tape or written 
material from the rooms. 

5* The unit on normality was taught to the two groups » 
one using the PI approach and the other using the Tl 
approach. In the second lesson, the method of 
instruction used on each group was* switched so that 
both groups used both methods on tv/o similar units* 

6. Both groups were post^tested together to obtain gain 
scores* The post^test and pre-test had five questions 
on each of the two unitSj and the questions v/ere 
designed to test the stated objectives in the tv/o 
, \inits ; crlterion^ref erenced • 

7; •'Item analysis" v/as run on both the results of pre- 
test and post^teBt to determine if they v/ere good ' 
tests* 

8. Students evaluatGd the lecture and prograinmed methbds 
via a queotionnaire . Agalni the evaluation was made 
. to anBure thr/b the quality of instrisction v;as high 
for both methods, arjpecially the locture, since the 
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programmed method had "been th©roughly evaluated 
t^efore the study. The evaluation v/as important 
also to determine v;hich method they preferred. 

9* The results v/ere summarized and treated* 

DESCRIPTION OF IiEARNING ENVIROmENT FOR Tm PILOT STUDY ' 

\ ^ ■ , . 

Lecture ^ ' 

Fifteen students were taught in a typical classrooni, 
using the chalk^hoard for problems, etc. The students v;ere 
given a list of objectives along with practice exercises on 
a handput. Students shov;ed much enthusiasm for the uni*s 
in ledture and frequently beckme involved in open discussions 
The lecture lasted ahout two hours for each topic. The 
total project time, was two v/seks* \ 



Pro gram me d ' \ * 

Fifteen students v/ere Haught "by a written program in 
a room that -had study, carrels* Each student used the fol-^ 
lowing items I (1) v/rltten program, and (2) cassette player 
with head set and tape.' They v/ere left with very little 
supervision^ --no help was given concerning the chemistry 
topics* 



SUMMARY OF RESULTS (PILOT STUDY) 

The data obtained from the study was treated as de- 
scribed belowi ' 

1. Item analysis v/as r^n on the pre- and post-tests* ^ 

2, The mean gain scores were determined for PI and il* 

3» The t^test was applied to the mean gain scores for 
all the students for PI and TI* 

The average gain score found for the programmed 
instruction and the lecture instruction on each of the 
units is shown in the following table s 



Ta"ble 8 

lA VERA GE GAIN SCORES ON EACH UNIT (PILOT STUDY) 



. Molarity ' Normality 
Lecture , 1.4? 2.00 

i 

Program ^ ^.8? ^ 2.i.0Z^_ 



The average gain score for ^oth the molarity unit and 
the normality unit was higher for the programmed Instruction* 

The avei'age gain score for both the unite by each 
method of instruction Is shown "belov/s 



Table 9 

AVERAGE GAIN SCORE FOR BOTH UNITS (PILOT STUDY) 



Method 
PI 
TI 




Again, the average for programmed method was higher 
than the average for the lecture, method-. 

To detei'mlne if this difference in meah gain scores 
was significant, the t'-test -for the difference betv/een^ 
means was applied. 

It v/as found that at the 95^ confidence level no 
significant difference exists betv/een the mean gain score 
for PI and TI for these two imi^a in chemistry*, 

* A summary of student responses to the questionnaire 
is sho^vn in Table 10 on the following page. 



Ta"ble 10 



STUDENT RESPOKSES ' (Pilot Study) 







No 


Yes 


Percent 
Yes 


1. 


Were the oTDjectives clear 
for the unit taught by the 
lecture method? 


3 


26 


89.6 


2 . 


Were the ob j e c t i ve s c 1 e ^r 
for the unit taughtr by the 
programmed method? 


a 


27 


93.1 


3* 


Are you satisfied that you 
accomplished the objective's 
in the lecture unit? 


7 


22 


75.8 




Are you satisfied that you 
accomplished the objectiveB 
in the programmed unit? 


9 


20' 


68.9 


5- 


Do you feel the objectives 
were covered adequately in 
the post^test? 


2 


27 


93.1 . 


6. 


VJhlch unit had the clearest 
objectives? 


Lecture 
7 


Program 
7 


No Dlf- ■ 
ference 

15 



The results of questions 1^6 Indicate the students 
felt the objectives were clearly stated in both the lecture 
and in the programmed methods* A slightly larger percentage 
of the students felt they had accomplished more of the 
objectives in the lecture than in the programmed methodi 

Tables 11 and 12 show some important differences 
between the two methods. The differences shown in Items 13, 
lh, 21 and v/ere not surprising* 
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Table 11 , ' 

STUDENT RESPONSE (pilot Study) 

Please fill in the "f oil'owlng tables to record your personal 
reaction to "both the lecture, and prograrririied units. If your 

feeling is close to one of the words, mark space A or E In 

the table. If yoiar feeling" .is neutral, mark space 0. If 

your feeling" is not extreme but strong, mark space B or D. 



Lecture Method 


A' 


I 


C 


D 


E 




7- 


VJorthless 






5 


12 


12 


Valuable 


8. 


Difficult 






13 


9 
13 


7 


Easy 


9. 


Not Involved 




k 


10 


2 


Involved . 


10. 


Unimportant 




1 


k 


12 


11 


Important 


11. 


Dull 


1 


2 


9 


7 


10 


Interesting 


12. 


Useless 






5 


15 


9 ^ 


Useful 


13. 


Monotonous 




1 


10 


12 


/ 


Varied 




(Boring) 














Ik. 


Impejrsonal 


1 


% 


6 


Ik 


5 


Personal 


15. 


Unfair 






8 


8 


13 


Fair 


16. 


Ordinary 


3 


'3 


2 0 


2 


2 


Par Out 



Programmed Method 


•A 


B 


0 


D 


E 




17. V/drthless 




1 


2 


11 


15 


Valuable. 


18. Diffictilt 




2 


6 


8 


13 


Easy 


19, Not Involved 


3 


2 




11 


3 


Involved 


20. Unimportant 




1 




11 


10 


Important 


21. Dull 


2 


k 


13 


• 2 


8 


Interqsting 


22. Useless 






6 


12 


11 


Useful 


23. Monotonolis 


2 


6 


10 


6 


5 


Varied 


Zk. Impersonal 


5 


9 


11 


3 


1 


Personal 


25, Unfair 






8 


6 


15 


Pair 


26.. Ordinary 


3 ' 


2 


15 


k 


5 


Par Out 



The lecture appeal's Co te a- little more InterGBting, 
varied, and personal. If the results in Table E were Buper-- 
imposed upon the. results in Table F, It would appear that the 
students have a pref erGnce f or the lecture method over the 
programmed method. 

Graph A indicaybes the Bame overall Gtudent preferonce 
for tlie lecture method v/hei^e the average -for each column is 
plotted for each metJiod, ^ 
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• ' . Graph A 

GRAPH OP AVERAGE RESPONSE FOR EACH NETHOD VERSUS DESIRABILITY 
, . • (PILOT STUDY) 
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Q 






O 




Column 






Averages 


7 




From 






Tables 


Q 




11 and 12 








5 






^f. 






3 






2 






1 






E 




<- 



More Desirable 



Programmed Method 



Lec ture Method 



Other questions seem to verify the results shovm.on 
the above table, as Indicated by the follov/ihg table r 
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Table 12 * 

STUDENT r^THOD PREFERENCE (PILOT STUDl)' 



Lecture Method 33 Percent 

Programmed Method , 25*8 Percent 

Some of Both * 38.7 Percent 



Some of the comments commonly made hy stiidents regard* 
ing what they like best about each of the two methodB are ^ 
listed below I 



Prog rammed 



1. '^You can go over ij again if you don't understand it 

at "first," ^ . ^ * 

Z\ "More organlzetip"" " 

3. -'Prpgram explained the problem step-by-step. " 

"You rewind t . * tapes and hear it againp.^' 
5» "Able to work at my ov/n speed." 
6, "Program was more logical." 



Lecture 



1. ".you could ask questions and get more help from, the 

teacher," 
2'. "More interesting*" ' ' 

3. "Teacher commands attention more than tapes do»" 

"Teacher's personality makes the class more interest^ 
ing. " 

5. "After solving the problem or answering the question, 
the teacher can shov/ me what I* did wrong." 

CONCLUSION (PILOT STUDY) 

1. There ymm no significant difference In achiGvement 
i'/hen the tv/o different methods Instruction were 
used for twp very similar units in general chemistry 
where the amount of class and study time was constant. 
Thrae ^ery important* points should be noted concerning 
the tv/o methods I (a) The student learned at least as 
much by the PI "method as With the Tl method without 
the prOBence of an xnstructori (b) The development of 
the material used in the PX rcquirGd much teaching 
Gxperience and a large number of InBtructor hours; 
and (cj In this study the lecture was evaluated very 
highly whoreas often this is not the case. \ . 
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2. The students liked certain aspects of both methods 
of instruotion although, overall, th4re v/as a slight 
preferience for the traditional method. Most ;signi- 
• ficantly, the students indicated a strong prGference 
for u^ing some of both methods. ' ' , , 

Based on experiences with the pilot' study, it was 
decided that the FiARP was leasihle and that np major prohlem 
should be encountered in the LIARP. The necessity for a well- 
organized master plan for the mRP was realized in considera- 
tion, of the numerous tasks to be performed in the-^tudy. 

The data collected was found to be useful, ^kn formu- 
lating the . hypotheses for the MARP and as a supplement to 
the data collected in the MARP. As will be obser-lred later. 

■■■^ " : " 

the results of the pilot study were very similar |to those of 

the MARP study with rega,rd to student achievement but quite 

different with regard to student preference. / 

/ 

■ ' ' . / ■ . * 

Hypotheses , . , > 

• 1. Central Piedmont Community College general chemistry 

students of equal ability v/ill have greater achieve- 

ment when taught by partially adaptive/ PI than v4nen 

taught by partially adaptive TI* 

2, CGntral ^Tiedmpnt Community College gGneral chsmistry 
students will prefer to-'be taught by partially ^ • 
adaptive Tl^ rather than partial=-ly adaptive Pit . 

3. Central Piedmont Community College general chemistry 

students o;f lov/er reading ability will achieve mor© 

when taught by partially adaptive PI than by partially 
adaptive TI. ^ - * ' 



Central Piedmont Coinrnunity College chemistry 
students of Jiigher- reading ability willL aohieve more 
v;hen taught by partially adaptive TI than by partially 
adaptive PI, " 
5.; There will^ be no signifipant difference in the 
quality of Instruction presented in the TI units 
and the PI uniCs^ based on the rating scale in the, 
questionnaire. " _ 

Variables 

Independent - Method of Ihs_trubtlon 

Dependent - Achievement and preference ^ of Method" 
Constant ^ « CPCC students, task order, task contei^fc, 
student ability in chemistry, background in chemistry, read-- 
ing ability, ^ades, age, sex, instructor, and adaptivity . * 
'of methods P . . 

Rationale, for the Hypothesis . 

Previous studies in fields other than chemistry and 
many in chemistry have shov/n PI to be superior to TI in many 
instances. Programmed instruction is more organized and Is 
designed v/ith specif ic learning principles applied with, 
directed outcomes i Programmed instruction, in most cases, 
demands that the learner achieve a certain level of competence 
before proceeding to new material. This is usualiy determined 
through the use of criterion reforoncod teBting rather than" , 
norm ref orGnced tosbing. 
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Programmed instruction focuses on the individual 
learner v/hile the TI^ approach 'focuses, on the learner in a 
group. Prograrmned instruction demands that the outcomes of ' 
learningi the objectives, be achieved by the student and, 
furthermore, that their learning goals be specified in 
detail prior to^the unit* The" fact that specif ic 'learning 
.objectives are clearly defined in advance makes it possible 
to plan an^ design more efficient learning strategies in 
order to achieve these objectives* PI usually will accommo- 
date individual differences mure fully than TI by providing ' 
a variety of learning pathways using various deli^very systems , 
Most programmed iristruction proxides ample student evaluation 
and other cyclic feedback whlah provides for- constant evalua- 
tion and revision^ usually does not have this ^built-in 

cyclic feedback revision process and even if it does, it ^, 
is not usually done' in a systetnatic way* !^ ■ " . ■ \ 

One of the most important differences bety/een PX and 
TI is the' role df the instructor. In ^ PI, the* instructor 
become;S more of a manager and diagnostician wi;b'h the emphasl 
on measurable student learning and not^ on teacher 'activity. 
Thus, PI should produce more learning since, the emphasis is 
upon the accomplishment of. ineasura/ble objectives by the 
student. ^ - ^ . . . 

''The learning environment for PI may or may not be - 
highly structurDd but is generally less Btructured than TI 
requiring the student to uet his own pace Find to select the 
delivery uystom to be uned* Again, the omphusis ^Q on the' ' 
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student learriing rather than the instructor teaching.- 
Grading systems ^encountered in Tl usually involve Aj B, C, 
D and F and.studGnts may view this system as punitive,. ' ^ 
tjecause the individual may he punished for -not corripletliig 
the course in the prescribed time* Experienoe in the teach- 
ing of chemistry indicates that students achieve more v/hen 
they can concentrate upon the tasics of chemistry and not 
the grade to "be attained, A typical grading system 'where 
PI is used will include' A, B, 0 and I (or pass, fall)— a 
non=^punitive system v/ith respec+ to tlmep If studfent does 
not fulfill a large proportion of the course goals, he 5>j 
given, a grade of I and permitted to complete the course xn 
a longer period of ^time determined by the student and 
teacher. This type of system focuses on achievement of the ' 
stated objectives. - Tl places greaier emphasis on grading 
rather than learning. 'Ihis has been noted in student^to-' 
student conversation in which they are much more likely rto ^ 
evaluate PI by '*what I learned" rather than by '*the grade . I 
made" * 

\ • The average ^ grade in General Chemistry at CPCC has ^ 
been- Gstimated to have increased by rlt least a letter grade i 
from a C to a B, since PI has been used in the course. (This 
cannot be attributed to grade inflation because AiC.S* exam ^ 
scores have also. increased , ) In addition, the number of 
students who successfully completed the course has also in- 
croasedi from about 50^ to Both of these dbsGrvatigns 

su£';gCBt that stuclonts are achieving more unrtfer PI* Students 
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PI than TI in i:.uch aoiirnoy £IG Shop SclonCG and TGclinical 
riiyslcr:; (PSI).' 

As boon illuutrated, Tl may be highl.y adaptive 

and may include many of the dGBirod featurGS of prog.ra.rnrned 
^ ri3 true lion. In moivt canoB, however, It does not* TI ^ ;j 
usually nob as v/ell ox'eanized as PI and lacks the L^yGtornatic 
approach v/i bh the application of learning principles* Ab a 
result, it is helievod that more learning will take 'place in 
General Chemis Lry Aising PI than UBlng TI* . 

An advantage of TI is that the AnBtructor can adapt 
tl-ie learning situation bo t et the irmnediate needs of the 
class. In this way, the instructor serves as a feedbacks- 
change agent. TI has, as the cGntor of learning, the instruC'- 
box', Y/ho is live a id can be much more Btiraulating than a pro-, 
grainined book, audio tap©s etcp The teacher can talk back to 
the student and answer questions * In most oases, the 
instructor is ava.ilable as a source of encouragement and 
should motivate the student tlirough counsel' and personal contacti 
albeit limited. Most students are accustorped to TI and many 
need a *Mive" instructor for varying reasons. It is predicted 
that, in the majox'ity of instances, the stucients v/ill prefer 
TI to PI if given only one choice of Instruction. It is 
expected that many students v/ill see advantages in both 
methods, and bhat- most will- prefer the use of both. 

The pilot study indicated that students .learn just as 
well, or slightly better, by PI as by TI on a module similar 
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to thona unad in t}iG MARP oyon though the amount of time 
GpQnt hy unoh TI and PI noction v/as held aonstant on both 
unibB in the pilot Htudy. One of tha major advantagDS of 
PI XB its iiihGront Gclf-'pacing v/hich gives the Estudont as 
much time as he noedo, within limits. 

In the MARPi Btudonts ^n PI v/ere given reasonably 
imlimitod^ wtudy time. VJhile students in the TI section v/are 
given unlimited study tline alsOi tliey v;are limited in the 
amount of time in v;hich they had access^ to the instructor 
(the main information sour^ce)* Since the PI group in the 
pilot study adhieved just as much within a;limlfte4 timc: as 
the TI group, oiie might expect them to achieve more if given ^ 
unlimited time using the programmed materials * 

The pilot study aliso revealed that students were 
pleasod with PI birt , when asked, which method would they 
prefer if given a choice based on the module completed, they 
chose TI. This was not too surprnsing considering results of 
other r^esearch studies x^r^esentedp Connally and Sepe (1972) ■ 
found that only 50^ of the students preferr^ed the indivi-- 
dualiF.ed to the traditional approach. Yet, a niajor^ity of the ^ 
students indicated a preference for moBt of the characterlstios 
of individuali'/ied instruction except that they preferred 
teacher control rather than student control of the learning 
situationp Evidently, students do not vmnt to accept the ; 
comf)letG rosxionslbility for leai^ning and, as a result, chose 

TI. ; ' 

83 \ \ 



68 

One or thG busiic afnuii'iiptionn in dovo."! op:l ng prof^rnmnicjci 
n.n«truct:i.on in nliornlutry at' CPCC \ma that Btudento with in- 
adoquato odtiCHtiorial oxiku:-.! once in ohorniuLry could achiove 
inore with PI than with TI. > ^he motst haaic tool nGoded for 
loarning in Bchool hafj boen Bhovm to be rojuUng abiHrb^. 
Thererore, it was doelded that a coinpariGon be made between 
higher and lower ruading groups taught by TI and PI to deter- 
mine by which mothod each group achieved more. The uoefulness 
of this knowledge is obvious. The statement of the directional 
hypothesis concerning the achievement and reading ability 'was 
based on the above assumption. 

Although the v/rlber believed that programmed instruc- 
tion Is Biiparior to trarlitional Instruction in mfay v/ays and 
had predicted that most ' students , however, would prefer the 
time -tested traditional approach, the study was conducted in 
a hyitll^ f^'i ienj ^if ijs fn'iJinfir. Observatio --s and conclusions were 
made in an iinbiased fashion and are stated honestly In the 
final I'cport. Evidence of this Is sliown by the "Certifica- 
tion of Data ValiclLby by Sanders" included in the appendix. 

Pfirijjl^.lX^lftli^L^^^ - Teaching 

and learning v/here the Instructor Is present In a classroom 
or lab v/lth students for a scheduled period of time. The 
instructor is the center of loarning, doing most of the 
•talking and/or writing. Due to the constraint of time, 
learning is usually lock-step with limited self-pacing 
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indiviclualJ ^od iriBiruction. Spealric IcarriiTig abjootives 
rnay or iiiay riot lie r> u^'lxd?r^-.^n mot-rb cases they are not. (They 
arc Btated in thin n lud^s^n all of the inodulon. ) Tho instruc- 
tor is alert to the c^lass^ n^ds^nd is constantly ad justing 
the inErbruction to rnGet the nGcds of the pl.ass with limited 
time for individual Jielp, 

Far t i a ] Jl yi Adapt i ve^ JP r o gr airua e d In s t rn ic ti cm - Instruc^- 
tion whare the insbructor may or may not he present in 
person diiring the loarning activity* Detailed learning 
steps are provided for the student using various delivery 
systems such as written materials, audio tapes, video tapes, 
sound--on--slides , etc. Learning is not lock -step^ and each 
person progresses at his own rate of learning (within certkin 
limitations). Specific learning olDjectlves are always stated 
with frequent evaluation using criterion referenced testing. 

Ac^hievcment - Avox^age gain scores on post^test for 
each of the methods on each of the units (to he significant 
p<.Ol). ) - 

Gcmeral Chemistry Student - Any student officially 
registored for Chemistry 150k, 1505, or 1506 at Central Pied-* 
mont Community College, (See appendix for course descrip-' 

tions), ' ^ 

Egual^Ahillty i n Chem istry - Determined "by previous 
background Mn chomlstry and from scores on the Toledo Place- 
monb Test* 

Student Preferorice - Method of instruction (TI or PI ) 
Hstudorits prefer as detGrmlnod from a questionnaire and • - 
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chi-uquarG rinalyeis of tho rabing clistribution for I'l artd 
PI (to be Bienificanb p< 0.01). 

Jl?;i!yiim_4UyAyX - An detiermined from HcorGs on th©^ 
NelBon DGnny Reading ToBt* 

Qual^tx qX. _In3^ - As detarminGd by the 

rosults of otudont Gvaluation of inethods (to be Bngnif leant 
p < 0 . 01 ) . 



PROCEDURE AND I/lETIiODOLOGY 

The GtiidentG sDlGctGd Tor this atudy came from first 
quarter general chomiBtry claBBOa at CPCC* The nuiaher of 
studentB iriYolved ranged from 90 at the heginning to 60 at ^ 
the conclusion of the X50h, 1505 and I506 general chemistry 
scquenca. Students comprising the group were char icterls'.Gd 
by having many and varied backgrounds and an age r^ange of 
nineteen to thirty-five, with a mean age of tv/enty-two. 

Approximately eighty percent were from the college 
transfer area and the remainder from the technology areas 
\(chemical> electrical, mechanical, etc.)- The group members 
'were considered to be representative of "typical" CPGC 
general chemistry students, A summary of their characteris-- 
tics are prosented\in Table 1^. ^ ' 

The. student^^ were divided into two groups, each 
v/lth equal learning ability in Chemistry as indicated by 
scores on the Toledo Placoment Test (Form C) and by pr^ovious 
grades in Chemistry and science. As shown in Table 1^, the 
two groups were similar with respect to age ^ sex, veteran 
status t previous courses and grades in chemistr.y and scionce, 
and professional ambitions. 
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Tablo 13 






CHARACTERISTICS OP TJfE 


SUBJECTS 






Group A 


Group B 


Number' at the boginning of study 






Number of Veterans 


8 


9 


Percent Veterans 


22 


2 ^ 


Number Non^Vetorans 


37 


36 


Male/Female Ratio 


2 . 7/1 


2 . 0/1 


Average previous math 


2.36 yrs. 


2 . 36 vrs . 


EBtimabed grade in previous math 


B 


B 


Average previous physics 


0.57 yrf3. 


0. 60 yrs . 


Estimated grade in previous physics 


C 


0 


A ve rage prey i o us oho m i s t r y 


0.81 yra. 


0.76 yrs. 


EGtimated grade in jirevious 
chemistry 


B 


B 


r4ean score on Toledo plaoement tost 


32.2 


3if.3 • 


Median score on Toledo Placement 
Test 


33 


33 


Educational Goals 






Medical Profession 


25^ 


30^ , 


Science Major (Biology, 
Chemistry, etc*) 


Zlfo ' 


20fS 


Technology 




11^ 


EnginGering 






EMjiness Economy 






Undecided 
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The total ^roup of Ktudents was also diviclGd into a 
high rGadirig group (E^). and a low reading ^roup (R^), the 
diviBlon boing niado on the IpaBis of ocores frpiri the Nelson, 
Denny Readir^ Teet. The rationale for this separation into 
high and low groups v/as to investigate the relationship "be-- 
tv/oen reading ability and achievement by PI and .^n general 
oJiGfaiGtryi Studonbs who scored above the 52 p^^rcentilG on 
the reading test were assigned to the Ry^ group i while those 
belov; the 52 percentile v/ere placed in the group, (These 
percentile scores were not based on Table 1^. ) Student^ 
v/ho had been givcni other r^eading tests or a difJerent form 
of the Nelson Denny Test we:re not included in either group. ' 
Hence, the number of students comprising the A and B groups 
v/as greater than the number in the Rj^ and R^^ gi'oups. Twenty- 
six (26) students were assigned to tiie group and tv/enty^ 
eight (28) to the R^ group. ^ . 

It is believed that students enrolled in general 
college chemistry at CPCC arCp on the average, better' pre- 
pared mathematically and are higher achievers than 'the 
general population^of students at CP^CC* • 

A possible Indicator of ability to aoni^ve more is 
the higher median score (52. percentile) for tyi^^s groiip ,as 
compared with the median score for the college transfer 
student at CPCC. According to Griffin (1976) of the 

college transfer'^ students scored belov; the twjl^ grade level* 

y 89 



The cxpern inonbal donign for thie study v/as the 
Quani-Exporlrnon tal typo- -non-equivalent oonbrol group as 
dGBcri'bed "by Tuckirian (19?^). 



Diagram 3 
RESEARCH DESIGN 
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= Post 
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Bt Unit #1 


for hoth groups* 




= Post 


^te 


Bt Unit #2 


for both groups. 



This design is similar to the pretost/post-test con- 
trol group except for the random assigninent of su'tajects to 
each group. The true reBearch design roquires that the 
sample be celeoted from the toLal population on a completely 
imndom ■basis. This comparative study of TI and PI used ^ 
fjtudonts from intact-groups {claoBes) which were not randomly 
assigned and, therefore, were placed into the QuaGi-experimental 
design (Tuckcrfan, 197^. P- -"L'iS). " 
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Buaau'ue bha BvitjcictB - aild not be ranclumly annifjnod 
to the (iroiipni a prrbcwt v/as ^iivi^n Ijefore the atSBignrnants 
were made to iii^yure QqulvaleiLGe of the groupB. TliG Toledo 
Chemistry Placement Examination was used for thlB purpose. 
In addition, otiivjr ractorB related to ach^ voment such as 
gi-adciS in pi'C;vious h;c:iGnce arid chcmiotr'y ccnrrEurjEi, accis, ocx, 
otc, v/uru anoertaliiod . All of Diowe, liluy iliG plHCCirnsnt 
tost, v/ere used to aoaign the yubjoots to 'two groups having 
relatively equal ability. (See *Tahle 1) 

Proce dure an d Ra tiomle^XQIl^Sitj^^ 

The Eitudy was divided into five moduloB each com- 
posed of two fjimllar iinits (with the exception of one which 
contained only one unit). A pretout was given at the be- 
ginning of each module, foH^ lowed by Unit^ One of that module 
with one group receiving the TI treatn mt while the other 
group received the PI treatment. This was followed by a 
post -test on Unit One of the module. In the second unit of 
each module, the groups were given the reverse treatment; 
that is > if Group A received the TI treatment in the first 
unit, Group A received the PI treatment in the second unit. 
The coinplotion of the E.;econd unit was followed by another 
post-test and a student evaluation of both units one and two 
of the modulo. The average gain Gcore obtained. by each ■ 
method for each unit was student cvaluationo suinmar iz,ed for 
TI and PI on each module, and the overall average gain scores 
v/ore tabulated for TI and PI for the high and low reading 
grcmpfj. 

♦ . ' *J 1. 
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FLOW DIAGRAM FOR THE STUDY CONTINUED 
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FIlOW DIAGRAM FOR THE STUDY CONTINUED 
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ProEniiiiiTiod units rrom the eonGral cliornintry courue 
were .□olcK'tud as tlie tn])los to /be miod in the study* Thoae 
prograi:-if3 v/ero wrlttcm by tliQ author 'and claray-toated nGveral 
times at Central OPGC. They were BubnGquGntly published and 
adaptGd as one of the texts used in the 'freGhinan chemistry 
course at CTCO, (For an exarriplej see appendix* ) 

' The programmed units lisually folldv/ the follov/ing 
outline r In broduction, pretest, specific objectives, summary 
of \tB.Blcs , detailed learning steps tu achieve the. stated , 
objectives I and post-test (Cheek, 1972)/ The total instrvio-^^ 
tional paclcage may incl\ide fi3,mstripSi films, and video 
tapes* Hov/ever, , usually it consists mostly of written 
material and causette tapes-* | As can be seen, the' written 

material requires frequent student response with review. The 

1 ^ ■ . ' / - 

axadib tapes serve as .a supplement to the v/rltten material and 

supply ;bhe student with detailed ansv/ers to m.any questions 

posed In the program^ and v;ith additional information about 

the tb'Opics not included in the v/ritton materials Audio tapes 

are 'very commonly used v/ith this type of instruction at 

Central Piedmont Community College, and many students find 

the tapes very helpful, bata collected indicates that 

approKimatoly seventy percent of tlie studonts taking general 

chemiistry at Central Piedmont Community College chpx^sa 

use. the tapes from the library in addition to those being 

used in the ohumiuury lab. 

These programmrd amits were the product of man^'^ 

■ 

yoax'.B or toachlng ohomiBtry aiicl of Dpco.i.al:i I'-.-JCl 'training in 

97 
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the v/riting of programmed materials. The eclectic approach 
v;ho used in v/riting the pj-o^jram using a coi(il)inat ion of the* 
Systems approach and CiBtran (DDtarline and Ijcnn, 1972 )• 
Literature reviGw shov/s that the differencQ between tlie 
various approaches is not great. The paokaff;es used. vary 
Domev/hat in Llieir .format , but basically they are quite simi- 
lar* The order in which the components of each package were 
de vel oped are as follows^ , ^ 



a 



Self -evaluation = {Te%t ) 



b. Objectives ' 

c. Discussdon of self -evaluation - (answers to test) 

d . Practice exercise items - (learning oxercises) ^ 
e* Discussion of practice e^Cerciseas - (answers to 

practice exercises) 

f . Study Review ^ 

g. Introducrtion ^ ' r ^ 

f . One of the strong points of the above sequence of 
development is that the test' was v/i'itten before ' the objectives* 
This results in a double emphasis on objective^/ and tegt in 
the composition of material that answers the test items and 
object ivos--^a subtle but ^ never-^the^lesa/ Important approach* 

The subjects were given the wrattejn material and 
oassette tapen for each PT ^unit assigned. Information v/as 
given co^icerning the, loca^tibn of related material for each 
unit. For example, many supplementary audio^visual materials 
such 'as filmstripSj books, filmloops, and films were found in 
the open chemiGtry lab* . (This informatiGyi is actually a part 
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of the va-itten pi^ogram. ) Tho utudenM woro not allowed, to 
al.terid clanu durang; the PI vnlts. and they v/ero eivon as " 
much time^ (|vithan certain limits) hb thoy' deBlrcd to coinplete 
each unit. iStudGntB v/Gre encouraged to make uoe of the open 
cherniBtry lab and/or the study aarrells (v/hich contain head-^ ' 
Ejcts and caoBette players) in the l\hnary. *The PI units 
v/ero almost complete nelf spaced.' Participan-Ls were reciuested 
to keep a record of the amount of time spent on oach unit . 
for the purpoBe of comparison witli It was emphasiiied to 

the participants that they could coi|iplete the PI units any- 
where they wanted, whether at home, at Central Piedmont Com- 
munity College, or even on. their, way to school or work or on 
apart-time job. (Students have reported' diverse Study 
patterns.) It was emphasized, too, that if PI were followed 
closely, they should need little help from the instructor or 
from other students. Students using PI units were allowed 
to seek help from the instructor, if needed, but it was 
expected thgit liftle help would be requested. 

The TI units were taught in the "usual" way by the 
author. The elates met for a definite period of time (three 
days per week, excluding labs) with the instructor leading ■ 
the class discussion, asking questions, lecturing,- using the 
chalkboard or charts, etc. Classes taught by ,TI in this 
study v/ere more str-ucturod than the typical "Iccturo,!' class. 
For exainple , specific learning objectivefj, were given to. the 
■TI groups and pre~test and post-test were a part of each 
module. In most traditionally taught classes, -fceuts are not 
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yivon as rroquently ao was rGquired In this utudy nor are 
Btudents given apecific learning objectives or pra^tests. 
The adminiotration of "both pro- and poBt-tGots and the use 
of learning ohjectives were required for 'a rnGaningful and 
valid study. Students In %oth groups needed to know v/hat 
was expected of themi if a scientific comijarison ymrm to be 
made* _ ' • 

TI v/as textbook oriented v/ith class notes written on 
the blackboard and/or given to the student as a handout. An 
effort v/as made to adapt Tl 'to the needs of the students by 
actively encouraging participation in the form of questloris 
and discussion. A review was given of the information 
neceosary to make 'assigned topics understandab.Le and homework 
assignments were ^ made from the textbook. Thus, the TI group 
v;as taught n.n a partially adaptive fashion, as was the PI 
group. Subjects using the TI units did not have access to 
the^ programmed materials, requiring that they learii^ by TI 
v/hen assigned to' units taught by this method of instruction. . 
Students v;ere requested to keep a record of time Bpent on 
homework for eaab unit so that this time could be compared 
v/ith the time using PI*> A summary of the contrasting pro- - 
per tics of the two methods ' of instruction are shown in Table 

■15. ' • . V • 

As one can see from the flov; diagram, five^ of the 
modules contained tv/o cmFitched units of study , with each group 
(A and B) being taught the same 'units at the same time by two 
different methods, (It was Impossible to match all units.) 

100 / , 
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In the sulDSoquenK unit of each module, the method of- inf-^truc- 
tion v/as swltchod. To help rule out any effect of order of 
treatment (of'TX and. Pi) on the gain scores on each rnodule, . 
the order of receiv^^ng the TI and PI treatment was reversed 
after each rnodule. This pairing of the tv/o. matched units 
allowed each group to he exposed to both treatments in each 
module v/ith the ifiatched tmlts. The two units in each modul'e 
v;ere matched on the basis of length, similarity and degree 
of diffictaty. It v/as helieved that this matching of units 
for the PI and TI treatment of each group in each module 
v/ould greatly enhance the internal validity :of the study 

A pre --test was^ glyen at the beginning of each module 
to ascertain the knowledge of each group before it received. ^ 
the treatments P. A postT^test .was" given at the end of each • 
module\o measure the aohievement on each upit. Average 
*-gain scores" vvere computed from the pre-test/post-^test 
scores for each method of instruction and the average gain^. . 
scores v/ere tabulated for all of the modules. . . 

The units selected for the study varied from detailed 
mathematical calculations used in chemistry to 'two lab experi- 
ments and v/ere taken from all, three coursos In general 
chemirjtry. It was impossible to include a "whole course" in 
the manner defcribed and, as a result;/ units were selected 
that were, considered to be representative. The total amount 
of' class time devoted to this study /,-as ahout forty class 
hours (esr^ater than one quarter of Classwork) and involved 90 
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Btudants, 'It was felt that rorty clajiB hourB with tho ifivolve 
rnent of 90 Btuclents should yield ample and adequLite rolaable 
data for the study. 

One of thG main thrusts of th^ ^tudy v/as to' dotGrmlne 
the ppef erence-^choice of method of i^struction-^of tie 
Btudents, To do this, a qUGst ionnalre was dovelopad to- 
obtain this information, in addition to other pertinGnt data. 
This questionnaire had been used and revised, in two previ'OUQ 
studies, yielding satisfactory results. (See pilot study) ^ 
In these studies the studants appeared to .iinderstand the ^ •' 
questions well, .resulting in very few unanswered and/or 
misunderstood responses* The questionnaire proved to be' 
adequate in the pilot study. , As a result, it \Vas felt that 
this instrument should be valid and reliable for this studj^ 
Proof was needed that both the TI and PI instruction v/as pre- 
sented on such a level as to yield valid results • This v/as ^ 
especially true for the lecture (Tl) since much of the PI- 
has been thoroughly evaluated before. "Another important 
aspect of the questionnaire w^as the cl oterminatlori of the 
extent that the participants felt tl ey had achieved the / 
stated objectives for each of the units taught by TI and Pl.^ 

Thus, an evaluation was ^ade for each method of /' 

instruction with respect tot 

J. ^ / ' 

1. the effecbiveneBS of the method in hGlping the ^si/b- 

\ ' / 

jects achieve, the ohjectives and / 

■ i / 

2. liow the KubjectB felt ahout that particular ine^.hod , 



.Table 

COMPARATIVE TABLE^ 



OF TX AND PI 



Closed Class 

. Lirai tad class time 

Stated objeatlves 

PrG-tbst ^ Post-test^ 

Learning steps not greatly 
detailed v/ith random 
student response, / 

Teaching and learnings 
cl qg^ly controlled 
directly by the 
instructor. 

Some individual help ■ ) 

given by iri^tructor-^ 

Partaa]^ adaptive 

Instriict^^ ■ p 

I^ew alternate learning 
pathways made available. 

Focus is on the 
learner in a group. 



PI 



Open Class 

Un 1 i ni i t e d s b u d y yi rn e 

Stated objectives. 

Pre=^tGst ^ Post^test^ ' 

Detailed learning steps with 
frequent Avell planned ^ stiKient 
response a 

Teaching and learning con- 
trolled indirectly by the ' 
instructor through v^ritt;en' 
programs and audio-tapes but 
with student control overall. 

Little individual help ^ given ^ 
by= instructor. 

Partial adaptive 

Instructional, material 

Some alternate" learning path- 
v/ays made, available* 

Focus is on the individual 
learner ^ 



Validity and Reliab ility of t he Tests 

The Toledo Placement Exam (Form I967) was develdped fo: 
the ptJrpose of having available a one-hour chemistry test tha'fc 
could predict, with a high degrQe of accuracy, the future 

success of a beginning Btvident in a' gonaral chGJnistry course.. 

■ & 

This test v/as used at Central Piedmont' Community College-, at 
other local community colleges arid. at the University of North 

i 

■ . 103 . , 
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Carolina at Charlotte in a study (iinpu'bliBhed ) comparirig the 
gGneral level of aahiovurrient of incoining freshinan choinifitry 
students. The portion of the study dDaling v/ith CGntral 
Piedmont Community Co.llogB students indicabod that t^e Tolodo 
Placement Test (TCPE) v/as a vaaid predictor of the future ' 
success of the chemisti^y student. Those students who did 
well on the TCPE also did well in their general , chomintry 
courses (Cheeky 1972). 

The reliahility coefficient for the TOPE (Form I967) v/a 
found tOi be 0,921 as estimated by means of the Kuder-Rlchardsbn 
formula 21* This value indicates the test had good i^eliabllity 
The spread of responses in the lower range indicates that 
incorrect answers are v^ell written* (See appendix) The dtem- 
discrimination indices are high as shown by the f ollov/ing datai 
' ^ ' ^ ' ^ ^ V ■ ■ 

/ \ Table 15 ^ ^ 

DISCRIMINATION INDEX ITEMS 

50-^^9 67 2 0 outstanding 

^4-9^^9 ' ^25' 18 very good 

30-39, ^ / 18 ^.^^-^ 

p-30 ' unaccepted 

(Hovey and Krohn, I963, p. ''370)* 

The validity of TOPE has proved to ''be very satisfac- 
tory in that' most students scoring above the cut'-off score 
of forty are successful in Chemistry 11? a.t Toledo University., 
A surnraar^y of this data is shov/n in the appendix* The nur^ber 
of F grades dcci"easQd from over thirty--f our ■ percent to less ^ 

401 



than ten percent after the TCPE was used at the University ^ ' 
of Toledo. In thG opinion of the aiithors of the tost, it^ 
has hGon an oxcellsnt tool for dokiermining which students 
should he. enrollGd in a remedial course (Hovey and Krohn, I963) 

A comparison of the course gradGs and TCP|; scores in 
eleven different community "colleges in California v/as made 
with those at Tol&o University. (Se^ appendix) ' As might 
he expected, the community college TOPE scores are lov/er v/ith 
a slightly lower letter grade for the courses. It does 
appear that students v;ho scored less than J or ty on the TCPE 
have little chance of heing successful in the later chemlBtry 
courses in both the commvmity college and at the Unlvei^sity 
of Toledo. ' ^ . 

One of the criticisms of the TCPE has "been that the 
Btatlstical data used to validate the test came from two- 
thousand students at the University of Toj^edo, only (Craw-' 
ford, 1965)* This appears to be a legitimate criticism, 
Howeveri the TCPE has been used by eleven community colleges 
in California, and some corroborating statistical data has 
been collected. 

An item by item inspection and^^Valuation of the TCPE 
in terms of the chemistry ooiirse at Central Piedmont Community 

College shows the test to have high content validity. Most 

0 

of the problem solving skilj^ and general knowledge on the 
list are included in the , general ^chemistry course contont. ■. 
Further analysAs of the TCPE in terms of the course objectives 
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Indicatos that the tost'hao good cr.vterion rolatod validity. 
It appears that the test measiires tha Bkills and knowlocl * . 
the course ohjactivaS define as being' /imp or ban fa . ^ 

In consideration of the facts and opinions concGrning 
the TCPE'^and the cons bra Ints of tiinep economics 3 and . the 
familiarity and availability of the test, it v.os believed 
thab the TCPE v/as suitable for this study. 

•Rea^ding ability v/as de-termined by the students scores 
on the Nelson-Denny Reading Test, Form C (1973). The follow- 
ing evidence subs rbiates the use of this test^ Hesearch 
has shown a close relationship betv;een scholastic, achieve- 
ment and scores on reading tests such as the Nelson-Denny 
Reading ^Test. Gusluin (I965) has shown that there nxiBrts a 
close relationship between scores on reading tests and the " ' 
success or failure of nursing students* Garrett (19^+9) sum- 

i 

rnarized 57 reported correlations^ betwaen scholastic achieve^ 
ment and reading scores in specific subject matter fields. 
Coefficients ranged from .10 to '.70, with a median of .kO. 
The Nalson--Der^y Reading Test shov/ed a. correlation of .67 
with achievement in. one of these studies, 

Joyner (1972r concluded thaV" there is a significant 
relationship betv/een the Vtotal' Nelson-^Denny percentila 
ta^ik scores and . cumulative first ^year grade "point averages' 
of 181 selected Afro-Amer.ican male and female freshtnen 
students . " r ' 

L a Tables 21 in the Appendix for specific 

correlations of the Nelson-Denny Test v/ith other predictors, 
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for the split'-half reliability QoeirficiGntn , and for the 

test-reteBt reliability coaff ioients . y- 
* J 

Comiidering the cox^relation betwaen tlip) HborGS on , 
the Nelson-Denny KGading test a.rid achlciveinent , grade point 
avera^^e and Bcores on the MinneBbta Scholastic Aptitude;^ 
Teat (WSAT) f the Nelrjon-Dfrnny Roading Test was conBiderad a 
valid meaoure of reading and learning ability* The high 

, test--retest x^oliability coefficiGnt for the Nelson-Denny 
^'Oading test indicated the tost was rGliable. 

The .yore -test and post-test to be used in this study 
were teacher-made* Different farms of similar tests have o 

.been class-tested at Central Piedmont Community College . 
for the last three years and are estimated to have goodi ^ ' \ 
reliability and validity. Students have shov/n consistency -. 
in their performances on these tests v/ith the majority of the 
percentage scores i^anglng from sixty percent to ninety percertt 
on the post-^test with an average\grade of about eighty percent i- 
The tests are ! Itiple choice and objective with no penalty^ 
for guessing oniorced. The test items are criterion-^ - 
refereiiced and are v/ritten in terms of the unit objeGtiVes 

'with at least tv/o questions v/rltten for each of the objectives. 
The test items are v/rltten according to most ^-r- the '*gqqd" 
principles of test construction cited by Green (I963)* , For 
the most parti these tests are valid, reliable, usable j 
simple, clear and explicit. The xestssare criterion-referenced, 
not pov/er tests. They are written to measure the stat'ed . 



objectives in the unit and not to inGasure such thlnFS^ as 
reading rate, roadinV comprehension and/or Inten lifencG 
, They are designed to meaBure ;the chGniistry achievernent ,as 
stated in the objectives . ' - ' 

Internal validity is estimated to be high due to the 
past pei^formance by the student on tha post-test. It is also 
believed that external vf^lidity is high due to the student's 
perf orinance on. the American Chemical 'Society general cheHlstry 
exam (ACS) ^iven at the end of the course. Over the last four 
yeai^s* the mean ^scores have been in the middle range of . the 
national norms. Students that perfox^m v/ell on the unit post- ' 
test also do well on the ACS exams. . ' 

Data Analvsis 

The mean gain scores were determined for the students, 
both TI and PI, for each module in the study and treated 
Btatlstlcally . The t^test v/as UBod to determine if any dif-- 
ference in the mean gain scores for each module were signi- 
ficant* 

Student responses to the quest ionriaire wSre compiled , 
and the data fr<pm parts II and HI dealing with specific' 
aspects of instt^uction were treated^ ntatiotically i Chi- 
square analysiSi was run on the frequency of responses for 
each chara^toristic to dotermlne if there v/ore a signif n cant 
differonce between how tliq.'^u Ludcmtij' rol I; about tlia two mctliods 
of Instruction'' (boo quost lonnn ire in apppmdix)* 

Using ])r)rt'I ol* the qiiest i onnaj re , a iabiilalnnn war^ 
made of liow well stuclnTitB fnlt; i^liey lind uuhioved tho Btatod 
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olDjecblves in^each module aM appropriate comparisons Y/er© 
made. .Other data •from part I, dea;ling with the prooedures 
Vised iri the , respective methods to attain the stated objectivo 
were tabulated and compared. ' ' • 

From part- IV of the questionnaire, 1. summary of v/hat 
the students lik'ed most and least ahout eacli method was made 
and used for comparison. G?he most in]portant item by far, 
also on part IV of the questionnaire, was "which method do 

you prefer based" on this unit or jitodule?" The answers 

to this important question were tabulated for PI and for TI 
and compared for all of the modules, in the study. ^ 

To compare, the achievement of the reading groups by. 

PI and TI, the following analyses were run. An average of ' 

* i , 

all the mean gain scores for students on both TI and PI 
were computed for the high reading group* Xn ayerage ^ ©f all 
the mean gain scores for students on both TI and PI were also 
computed for the low reading group'P^'The t-test v/as adminls^ 
tered to de't ermine if any difference in the mean gain scores 
were significant ^or either the hig}i or the low reading 

group. . » ' J ' 

To ascertain if the two gr^oups v/ere treated with 
equal instructional quality, a 2 5 Chi-square analysife of 
the rating frequency was run on the data from part I of the 
student ovnluation quoBtionnaire . The specific pairs of 
quuBtion[3 and bhe imting scalos are oliowni 



^ (1) VJere the objectives clear for the qnit taught 
■by Ti?y " ■ 

■ • Yes 5' iJ- 3' 2' 1 No ' 

(2) ^Were the ohjectiVes clear for the unit taught "by 

PI? ' . . ■ ' . 

Yes 5 ^ 3 ■ 2 1 No 

(3) ' Are you satisfied that you accomplished the 

ohjectives .in the TI unit?' 

Yes 5 k 3 2 1 ' No 
.(4-) Are .you satisfied tliat, you accomplisKed the - 
objectives in the PI unit? ' . . ' 

Yes 5 k 3 2 1 no' 

(5) ^ Do you feel the material used/and prdcedures 

followed in the TI unit were adequate to ^ 
^ achieve the stated objectives? 

Yes 5 if 3 2 1 No 

(6) Do> you feel the mate;fial used and procedures 
followed In the PI unit v/ere adequate to ' \ 
achieve the stated objectives? * ' ' ^ 

\ ' Yes 5 ^ 3* 2 1 No ^' . 

As has been stated, there was a need to verify that 
both the PI and TI were taught with equal Instructional 
quality in order to give the study validity. 

Thi[3 'Ertudy v/as confined to Central Piedinont Community 
Collo^o fiiidi duo to tha cLxpctriinental controls, is cjBtiinatod 
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to have high internal* validity in the area of general 
chemistry. The degree to which the study has external 
validity depends upon several factors. External validity 
should he high for the general college chemistry student 
in the large urban type, community college with age and - , 
socio-economic levels similar to those at Centxml Plodrnont 
Community College. The results of the study might have f 
less validity when applied to the traditional four year 
college or university* such as the University of North 
Carolina at Charlotte. . = 

The extent to which the study is valid -in i^on-chemistry 
courses would depend upon the degree of similarity to the 
stvidy of chemistry. It prohahly v;ould have validity In the 
physical sciences J math, and engineering at Central Piedm^ont r 
Community College ^^and at similar community colleges. External 
validity would probahly he much lower in the non^sclences, 
such as sociology^ history/ and economics at Central Piedmont 
Com.munlty College. 

This study v/as limited to representative units in' 
general college chemistry, and it did not include other , mora 
specialized areas of chemistry, su^h as hlochemiytry, drganic , 
analytical I and physical chemistry. Although "chemistry is 
chemistry-" , it would he unwise ^o assume that what is true 
in the methods of taaching and learning general chomiatry 
v/ould also fiilly apply to more specialised areas of chomistry. 
The differonce in the maturity and motivation of students 
and the noinpluxity of llio suhjeot v/ouHd mako^ thin an unsuro 
as sump t ion. 

Ill 




This s'tudy^was limited to the Central Piedmont Com^ 
^mtt^ty College genei^al chemistry student v/ho possesses some 
of the following characteristics s • 

1. The student is oldez* than the typical four year 
college stiident, has more responsibility, and may 
have more financial and personal problems. 

2. In many cases this student is more highly motivated 
and has had related experiences v/hich make his 
learning more meaningfulp (The *literature review 

has shown older students to be more highly motivated.) 
3^^ Like the general student population ^of -Central Pied- 
mont Community College, this student^has soma of the 
characteristics of the adult learner described by / 
Knowles (1970). That iS| he is self ^directing v/ith 
'■ a vast i^eservolr of knowledge for learning* he is ' 
Interested in learning for Immediate application 
rather than future applicationp . ^ , 

In many cases * the Central riedmon b Communitj^ College 
chemistry student requires developmental study to - 
be successful in the ^urse (shown by the lower 
avorage Toledo Placement Tost scores). 

S if;n_if Aeance jof the Study 

/% 

It id expectad tjiat this study answered some of 
tlio quetitions cDncornlng the off ectivonosa and desirability 
of progrnjfimcM^inutruction at Central Piedmont •Community CollGge 
])rirt^ cuTarly in 1;)iq rield of clicmi nitry,^ Am proviounly 
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mentioned, nufnerous comparative achiDvemeht studies betv/een 
TI and PI have been rnade, but no hi fehly __ objl eot ive Btudies 
have been done at Cehtral Piedmont Comniunity College in 
chemistry or In any other 'area. 

Some instructors at Central PiGdmont Community 
College have be n concerned^ v/ith the question of ^student 
achievement iGvels and preferencos for the tv/o methodB. 
They express the opinion that students smA instructors have ^ 
* been and still are being forced to' us© programmed individua- 
llzed instruction with which the students "learn less" and 
which they "do not prefer"'. There may "be some oiastif icat ion 
for this feeling In that no thorough stutay has hoen carried 
out at Central Piedmont Community College to ans\fer these 
critioisms* In the first places «uch 'a commitment to one - 
method of .instruction should be preceded by .valid data. In 
the second place ^ If the method of ^instruction is not 
tested at the specific institution ^bef ore being adopted as' 
"the way*' I then it should at least be evaluated through a 
highly scientific study after it has been adopted. It is 
hoped, therefore, that this study v/ill serve as a reliable 
reference for future questions of achievement and student 
prefar^onco for progriariimed and/or traditional instruction a b ; 
Central Piedmont Community College, especially in the area 
^ of chomiBtry. 

The t;;tudy ravaalcd thd relat iorisliip b^b^eon 
achievoment by PI and TI and roading -ability, ^' 



... ■ ■ 9 

The results, of the study should be of inter to ' 

the chernistrj' oduc?|tDr in •both the high school -and the fot4r 

year college. Many of , the topics-covered in the study and 
the problem salving skills used irt'^the sti^dy are common 
to both the chemistry taught in the high school and in the 
four year college, ' 
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Chaprter. 5 

SUIffilARY/OF FINDINGS 
/ . \ 

The results" of study are presented in terms of 

the four hypotheses proposed in Chapter III. 

/' 

Hypothesis I. / ^ 

This hypothesis states that Central Piedrnont Com-- 
munity College generai chemistry students of equal ahillty 
v;lll have grea^ter Ushievem.ent when taught by partially adap- 
tive PI than v/hen taught hy partially adaptive TI, 

Tahle 22 shows a surmn^ry of the average gain scores 

ohtained for each method of instruction on each of the uniti 

ft 

covered during the study. Gain scores v/ere obtained by sub^ 
tracting the raw pre^test score from the rav; post-test 
score for each student on each^unit* ^ The , average gain 
scores v;ere computed for each method for each unit* The 
average gain score for PI v;as greater than the average gain 
score for TI on six of the eight units* TI gain scores were 
greater than PI gain scores on two units, as shovm In Table 
Ik, The overall average gain^score for the unit is greater 
for PI than for TI. 
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Table 


22 




/ 
/ 

/ 

/ 




.AVERAGE UNIT GAIN SCORES FOR 
EACH OTTHOD OF INSTRUCTION 






s 




Methods 


Units 






PI 


TI 


E^cponential Num'bers used in 






^ O r 


/ - uu 


O Ign JLX Xwdiri L» P_LgjUiGb 






o • o ^ 


5.38 


^3 T T #^ rY> /^i Tf^T P 

o xoicniorne ur^y 








7.3^ 


Molar Volume Experiment 






7.78 


6.36 


Equivalent Weight Experiment 






7.97 


7.26 


Normality Calculations 






5.12 




Molar-ity Calculations f 






5.66 


'+.70 


Redox . . ' i 






11.79 


9.56 


Overall Average 


7.38 


r t? 

6.63 



Graph B compares the average gain scores for each, of 
the units covered In the study. Again, the graph illustrates 
that gain scores on- PI v/ere groater on six of the eight units 
covered. The graph also indicates that a suhstantial amount 
of learning took place in both the TI group and the PI group. 
The inaximum gain score poasible' was I6. ■ ' 

The t-test v/as used to analyze ^Che^ga in scores for 
each of the units. The reBults are surninarl'zed in Table 23, 
Although tho gain Bcoros for the PI troatinGnt were 
greater than those for TI treatment on six of tlie eight units, 
the .rQr4Ulta of tlie t-tcBt do not supijwt IiypothosiB I. The 

• ■ 116 \ , , ■ ■ ' 
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\ Graph B , ' . " 

AVERAGE UNIT GAIN SCORES FOR EACH rffiTHOD OF INSTRUCTION 




1. 
2, 
3. 

6, 

7. 



UNITS 

Exponent.ial NurnberES in CliQmiatry 

Sifjna f icant FnyuroB In CliamlHtry 

Stoiohiomfttry 

MolELr VolumQ 'Bxperiinenb 

Equivalent ^sii'^hb Exporimanb 

teSiiy. .... - 



m 
m 



IB 

m 
I 



9. Ovarall Avera^ 
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Table 23 

CALCULATED T-VALUBS FROM THE GAIN SCOBES 



Unit 


t- value 
m 0 10 
Tv/0 Tailed 
Test 


Cr'it icaL 
"t -value 
p .< 0 , ol, • 
Two Tailed 
Test 


• 

t -value 


df 


Exponential Numbers 
In Chemistry 


1.6? 


2. 66 


1.13 


86 


Significant Figures 


1.67 


2. 66 • 


1.79 




Stoichiometry 


1.67 


2. 66 


1.53 


76* 


Molar Volume 
Experiment 


1,67 


2. 66 


1.78 


68 


Equivalent Weight 
Experiment 


1.67 


2.66 


0.75 


67 


NormaHty 


1.67 


2.66 


o.s^- 


62 


Molarity 


1.67 


2.66 


1.13 


60 • 


Redox 


1.67 


2.66 


1.61 


60 






(Tuckman, 


p. 370) 




hypothesis Is not sup 


ported on any of the^unlts in the 


study 


at either p< 0.01 or 


p< 0.05 level for a two 


tailed toi 


it. 



The results of the t-test supports the null hypothosis-- 
there' is no significant difrerence in achievemBnt ■betweert the 
two methods of instruction. Although the null hypotheBis is 
Dupported at the D.Ol level, it should "be noted that in two 
units, significant riguroR and inolar volume there is a sig- 
nlficant difforGnaB in the gain scoroEi at the 0.10 lovel. Xt 
Bhould also be notod that in two other units the t-tost value 
approFiQliOH nign'ificanou at the O.lO level,. v. 



The tv/o groups used in the study appeared to be 
equal in overall achievement. Neither group consistently' 
scored higher on units taught by one particular method of 
instruction \T1 or PI). The pverall average 'gain score in 
both TI and PI units for Group A v/as 7*06* The overall 
average gain score in both TI and PI unlts^ f or Group B v/as 
6 95 This is further indication that Groups A and B were 
equal in learning ability and that any difference in achieve-- 
ment v/as due to the method of instruction and not to Inherent 
differences in the groups. A comparison of th$ grouj^' over-- 
\all achievement is shown in Table 2k^. 
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Table 2i(- 

OVERALL AOHIEVEMENT -■.GROUPS A AND B 





PI Average 


TI Average 


Average Overall 




' Gain Score 


Gain Score 


Gain Scores 


Group A 


7.^3* 


■ 6.68 


7.06 


Group B 


7.32 


6.58 V 


6.95 

i 



The results o% the Toledo Placeifrent Test reveal that 
the suljjocts were "belmv average m their previous achieve- 
ment and/or aptitude ^'in chomifjtry. The reported cut-off 
Bcore used on the Toledo Piacement Tost (TCPC) ab Toledo 
■ Unlveroity, Ohio was (Hovey, Kroln, 1963). Those students 
at the UnivarHlty ol' Toledo who uoarod holow ^1-0, on the test 
v;aro adv.liJed to take a doveloprnental courGe in cheinlatry 
LorDre taking the romilar collofio choiniiitfy cour.'JG, 



' . . ■ . . . 10^ - 

'* ■ ' ' ... ■ 

The cut-off score rGport'edly used at Cuyahoga Community, . ■ 
College,' ClGveland, Ohio v/as (Laughlin, I976) * The mean - 
TCPC scores for the A and B Groups in this study v/ere 32,2 
and 3^.3i respectiyely . The median score for hoth the A 
and B group was 33* It v/as also found that only 23^ of the 
students in the study had , TOPE scores of ^1^0 or greater. 
Based on this test instrument, the majority of suhjects v/ere 
telow average in preparation for college chemistry. If this 
group werej^taklng the course at the previously mentioned 
schools s ahout 80% would ^he advised to complete a remedial 
chemistry course hefore the regular college chemistry. 
Howeveri these scores are only slightly lower than the TCPC 
ecores of previous CPCC chemistry students treated in 
another study. The mean score for CPCC students was found 
to he 36 with a median of 3^^ (Cheek, 1972). The similarity 
of TCPE scores suggest that the groups used in this. study is 
t^ical '*of the CPCC general chemistry student. ' 

Again p the results do not support the hypo'^hesis /but 
support the null hiT>othesis--there is no significant dif- 
ference in achievenient hy PI and TI in chemistry at CPCC. 

The outcomes of the pilot study support the results 
of the MARP. There was no signlTicant difference in the 
mean gain scores for the* two methods of InBtruetion. 

f • X 

This" hypothoBio etatos that Central Plodmont Communi- 
ty Collnf^o gonnrnl bhomintry stucJunts wnll profor to be taught 

/ ■ ' ^ 
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Ijy partiaily adaptive TI rather than partially adaptiYe PI. 

One method of testing this hypothesis v/as the chi- 
square analysis* - This analysis \ms run, on the sums of the 
A - E cells in Par^ II of the questionnaire., For each 
module, the students rated certain aspects of .each method 
parts, T'-lfi and parts 1^-26?" These were tabled for each 
colurnn for each method and a 2x5 ohl--square analysis vms 
run on each module, The results are summarised in TalDle 25- 



A. TRADITIONAL IffiTHOD 

7. Worthless. 

8. Difficult 

9. Not Involxed^ 

10. Unimportant 

11. Dull 

12. . Useless 

13. Monotonous 

(Boring) 
1^4^. Itnperaonal 

15. Urtfair 

16. ^Ordinary 



ABODE 



yaluahle 

Easy 

Involved 

Important 

Interesting 

Useful 

Varied 

Pers onal 
Fair 

Far Out / 



r 



B. PXJ^RTHOD 

17. VJorbhless 
• 18. Difficult 

19. Not Involved 

20. Unliiiportant 

21. Dull ' , ' 

22. UablRBS 

23. Monotonous 

(Boring) 
?J\-, I»mpersonal 

25. Unfair 

26. Ordinary 



A" B C D , E 



/ 



Valu^me 
Easy' 
InvblvQd 
Iinportant 
lEntereatlng 
Usoful ' 
Varied 

PorBonal 
Fair 
Far Out 
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Ta'Dle 25 



CH^SpRE ANALBIS OF ITHOD DSSIHA3ILITY 





1 

1 

A 


1 

i 
1 


n 


i 

ri 
u 




Gpniputed 
^„ vaiaS 


uriuicai vaiUG I at d<u.ui 


Significant Figures . 
TI 
• ?! 


32 ■ 


1'5 

1^ 70 


152 


1 292 


V r 
m 

mi 




- -■ -.J - I > . -: 

I 

i 

1 13.27 


TI 
?I 


22 


i 

i 

i 
1 


1?8 
11? 


10^ 
113 


53 
68 




i 

13. 2f 


Molar Volume 
anci 

Fcuivalem; lieight 
* TI 

i 

• PI 


15 


i 

! 

1 . 

37 
' 53 


las 


104 

50 


56 
26 


,10,13 


■ 

13*27 


module Nornality 
and Molarixy 
TI 
^ ?I 


i 

P 




220 

182 


111 


58 


5.23 

I 


13.2? - 

i 


Hedox 

TI 
PI 


19 
19 


55 
41 


169 
163 


155 

122 


66 


2;35 


" — 1 1 ^ 1 {-'—^ - _-_k_.__ - — m . _ _. 

13.27 
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TliG L'orurrLn o.V Dig alii-miUMro rui;i1.yjn.u do not iiuppurt 
cllruc U nnal liyjionKMnn fn'i four of tlie nioclu'lan. The null 
liypolhnHis iri BupporLcul on rour of :n.vo mod ulori - - lliat \n 

tliore v/^lB no nigni f icant di rrciranaa in Binadont atM lude 
l.oward tho two mothods./ -ThB ohl-BquarG valiie for the ytoich-- 
lornetry inodulG 1b grontor than the urltAcal valiie iiidicating 
Lhoro Vina a nlf^nif lc:an t dif rorcnca In the rating of the tv;o 
methods on the inodiilc. It chould ho no tod that the module 
on inolar volume and oquivalont v^eight has a ahi--wquRre value 
that approachOB Bignificance at the p<0.10 level. 

BaBOd on this part of the study, it appears that there 
was Bpine Blgnificant difference in hov/ students feel ahout 
the two rnethodG of instruction* 

The renults of the most iinportant question in the 
questionnaire, nurnher 31 located in Part IV of the quoBtion- 
nalre, BUpport the opposite of the hypothesis. The question 
roadsi ^-Baaed on their presentation, whioh method of instruct 
tion would you prefer to be used on you?'* A summary of the 
results are shown 3n Table 26. The students ind icate a 
stro2ig preference for PI in foiir of the five modules in a 
i-atio of about 3:2 (PIsTi). In other words about Co^ of the 
ptudents prefGrrcd PI ancl about hO% of the 'jtudLuits iiroforred 
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Table 26 



MucUilu Z 

I/Iodule 3 

Module 4^ 

Module 5 





OF PX, Tl 








Pore en t 


pGrcon b 
PI _ 


SoiiK) of 

Ikrbh_ 


Sn Kru f acant f Ifpire 
ruid Exponential 
Nuinl)OrB In CliDiniubry 


38 


« 




Slo iohioiTiy Lry 


30 


70 


30 


T./I n 1 ^ r"^ V 0 1 1 1 f Tl P H 71 d 

i ' 1 U ,L 1= ¥ W =1^ M i ! i ^ c 1 1 1 

E q u 1 val g n t VJ e 1 gh t 
Kxperlinents 


61 


39 


h6 


NormRlity and 
Molarity 


36 






Redox 




eh 






ko 


60 


ho. 



Xt should be noled at thiB point that student rOBponBes 
to question 31 of the queot ionnaire reveals that they j^refer PI 
to Tl in the Ertolchiometry module in which the previously men- 
tioned chi^GqiiarG tOhit showed a significant difference.^ 

Gi^aph B compares student preference for PI and Tl in 
each of the modules and depicts the oveimll average for all the 
modules* This graph reveals a clear-cut preference for PI by 
chemistry students at CPCC* 

I 
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Gi'aph C 



S'l'UDl'JNT :i-^]M';i''RHENGra OF ?1'0R TX 



i 



m. 

i 

■ i^f* 

I 
I 

1 

i 

4 



.1 

i 

■i 

■ ■ 1 



M 

•i 

f;!f 



5 



H 



■"■ft. 



m 
m 



1 



n 

^■1 



m 



m 



PI 



I 
I 

;4v 



•ft 



I/iODULES 



1. 
2. 
3. 

5. 

6. 



Significant Figure and Exponential Nurnbers 
S boichiometi-y 

Molar Volume and Eq^uivalont Weight 
Normality and Molarity 

Redox -I f J 

Overall Average ■ l^t) . > 



It io ^ Tiierouting bo noiG bliat ihG only inodulo in 
v/hinh ■ thQ studf:mt:B pro rorrod TI to PI v/ris the molar volume 
equivalent weif^ht which conBlBLed of lab experiment in a 
closed lab Bitviation, Another o'bGervation v/as that many 
Biud&nts prerorrnd to'liave hoth jnethods tased in the Instruc 
tional program. This is illustrated in Graph D. 



J 
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Graph D 



STUDENT PREKBRENCE OF Tl , PI AND BOTH 




4 

1. Slgnifica.nt Figures and Exponential Numbers 

2. Stoichiome tr^y . - ^ . 
3* Molar Volume find Kquivalent We.ight 

*K Normality and Molarity ' ^ 

5.1 Redox 

6. Overall Average ^ 128 
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In EuJmmary, the data strongly/ nupports the opposite 
of the hypothGsiD^^-that is CPCC CQneral cherniBtry students 
prefer to he taught hy PI rather than TI. The reaults of 
the p51ot study do not Bupport the IVIARP results. As v/as 
shown, -students preferred TI to PI in the pilot stiidy in 
which the time used for PI and TI weire .oxac tly the Bame* 

To compare uorne of the ^characteristicB of the 
tv/0 methods of instruction, graphs v/ere oonstructed for each 
of the modules using data from Part II of bhe queBtionnaire . 
^^A rating scale of 1-5 v/as assigned to the A, B| Cj D, E 

columns (from left to right 1-^5) and numerical ayerages were 
computed for four of the more important characteristics in 
the teaching of chemistry* They v/ere dlTf icuit-^easy j dull- 
interesting, ' impersonal ^-personal , and unfair-fair. One 
common complaint of TI in chemistry has heen that it is too 
difficult and sometimes unfair. A common complaint of PI 
used in chemistry has been that it is dull and Impersonal. 
This data is plotted in the following graphs B J* 
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The di Cf oroncQB In tho rati.vig for 'DiOMO .roi^inM rrro not 
lart^G In inoBt cciupra. EvGn bo it appc^nr^:! Lhat prHi^yrRrnniOd in- 
Btruction IB conGidorod to be cmjjncir and fairar Vr'hilo tradi- 
tional instrUQtion is inorG perBonal and intorGnting. ThOBQ 
results support the foelingn of thG invGR t1 ^^Ator baBod on . 
experionoe with the tv/o inGtliods oT instruction. 

Jlvpothosis 111 

This hypothOBis Btatos that Contral Piodmont Cajiiinunlty 
Collage gGneral ahernintry BtudnntR of lower reading abjlvty 
will achieve more whGn taught by partially adaptive PI than 
by piartially adaptive Tl* 

The i^G malts of the study do not nupport the hypothesis 
but Bupport the null h^^pothcBis — that there is no Bigniflcant 
diffGrence in aohievoment v/hen low i^oading ability studGnts 
v/ore Uaught by PI or TI, 

The results of the t--test are shov/n .in Table S?* 



c TablG 27 

T/TEAN GAIN SCORES BY MEIPHOD ^ LOW RfiADlNG GROUp' 



Total Average 

Wet hod Gajn ScorG s - A ll_ Units df t-y^lu^ 

PI 5^75 

5if 0.63 

Ti ^ 6.32 



1 



t-O, 63 IS nob signif leant at p<0* 01 
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As ^hov/n in Talkie 27i the avurago ^ain ncoro for the 
low rQacling e^-'f^i-^P 1o n'Lltihtly hn.fjhoi:^ on TI tlian on PI but the 
dlffof-oncG is not Bxgnif icant , avon at tho 0,05 lovol. 

ItvpotheBl s IV , 

^ Hypothosis IV Btateo that Central Pnadmunt Community 

Colloge chGrnistry stadenta of highGr roading ability v/ill 
achieve more v/hen taught by y)ai"tially adaptive TI than by 
partially adaptive PI* 

Aijain, the rosiilts do not support tlie hypotlieBiSp 
VJhen the total average mean gain scores for each method are 
troated using the t-tcst, thore is no Bngnificant difference 
in achievement p Therefore, the null hypothosis is supported* 
These I'csults are Bummarized in Table 28 * 

Ta"blB 28 

IvIEAN GAIN SCORES BY METHOD - HIGH READING. GROUP 

Total Average 

Method Gain^core - A J.l Unitg df t - value 

PI 7.08 

ij-6 0.82 

" a?i 6.88 , . , 

"t = 0,82 Is not significant at p< 0,01 
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'Pho nyomt^o (r^xn ncore ror tho hh^i raaciing {iroup is 
hT^har on PX than on TX - llowevor, an ohown, thiB in not 
Btftt:1.cally signil'i cant. 

As prGvioursly nientlonedj thG NelBon Denny Roadlng 
Test v/ao uood to do tormin j , the high and low rGading groups. 
Ain utudenbs who had roading BaoroB above tho modian Bcore of 
52 porcGntilG on tho NolBon Donny Roading Tost (Form C) v;as 
placod in tho high rGading group* All BtudGnts who had 
roading BcorGS helow the inedAan ycore of 52 pGrcentile for 
the tost group were placed in the low reading group. Both 
the mGdian Bcore and tho mean Bcoro of 53 indicate the group 
had a roading ability equal to an average college freshman 
student • The norm used for this group v/as that given for 
the thirteenth year. 

This hi'potheBis states that there will be no significant 
difference in the quality of instruction presented in the Ti 
units and the PI units ^hased on the rating scale In the ^ 
questionnaire # 

To insure that both TI and PI were presented in a 
quality fashion^ student ratings for questions 1^ and 2j 3 and 
hi and 5 and 6 of Part I of the student evaluation form were 
summarised. Three 2x5 chi-square analyses were rim on each 
of tho modules. The data and results arc presentGd in Table 
29-" 
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QUALITY OF INSTRUCTION FOR TI AND PI 





Chi-squai"e 


Value for 


Each 


Module 




1^ 


2 


3 


if 


5 


Clarity of 
Ob jGOtlveB 

\ 


1*0 


1.2 




2.2 




3.i+ 


3.1 


Feeling of Accomp- 
lishment of 
Objectives 

Evaluation of 
Procedures 

— - — ^ ^ 


6 ' 
2.1 

1 

r ■ — — J 


0.7 

1.3 




1.0 

1.9 




2.7 
1.1 


5.9 



Crltlcal^^ Value is 13.2,7 at the 0.01 level. 13.27 computed 

' . ' ^. 

The results indicate that the quality of TI v/as not 
significantly dif ferment from PI* None of the calculated^ chi- 
square (^^) values are close to the critlcalCX^) values. The 
results strongly support the null hypothesls--^there is no 
significant difforonoo in the quality of Instruction pre^ 
sented in TI 'and PI. Thus, any difference in aGhie^)^ement by 
the subjects in the study v/as due to difference in instruc- 
tional methods and not the quality of instruction. 

I J illustrate that there v/as littli differonce in the 
quality of instruction on the two rnGthodSi jgraphs were 002)- 
struct ed from the nuinGrioal avoraijo ratinfj for ''clarity of 

objectives,'' *'foeling of aQCornpli shrnent of objDGl^.vos'* and 

/" 

-v.qvctluations of procodiiro uiK^d." Tho^iG wero deternilned for- 
oajih of the modulos and aro prunorftftd in nrnphB K P. 
V 
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yjere the olDjectlves clear for the unit taught "by TJ? 
V/ere the olDjectives clear for the unit taught hy PI? 

Are you satisfied that you accomplished the obiecbivos 

in the TI unit? ; _ " 

Are you j^atisfied that you accomplished the oblectlves 

in the PI unit? / 



Do you foei the materials used and procedures followed 
in the TI unit v/ere adequate to achieve the stated ' 
ohjectives? 

Do you feel the rnaterials used and procsdures followed 
in the PI unit were adequate to achieve the statea 
ohjectives? 6 



Do you feel the ohjectives .were 'adequately covered in 
the post-test? 




13B 



< 

m 2 
S 

B 

































m 

















Graph 11 
REDOX 



EH 



w 

m 

B 



Graph N 
EQUIVAI^NT WIGHT 



m PI 

TI & PI 



139 



ERIC 



■ , : / ■ . 

Were the otjQctivGs clear for the unit taught "by TI? . 
Were the DTijectivGS clear foi" the unit taught hy PI? 

Are you satisfied that you^ accomplished the objectives 
in the TI unit? . 

Are you satisfied that you aGcomplished the objectives 
iit the PI unit? 

- - ^ - ^ , 

Do you feel the rnaterials used and procedures follov/ed in 

the TJ unit were adequate to achieve the stated objectives 

Do you feel the materials used and procedures follov/ed in 

the PI unit were adeqLuate to achieve the stated, objectives 

Do you feel the objectives were adequately covered in 
the pos^'-test? . 
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1 ' Were the objectives clear for the unit taught by TI7 

VJere the objectives clear for the unit taught by PI? 

2 Are you satisfied that you accomplished the ^objectives' ' ^ 
, m the TI unit? 

Are you satisfied that you accomplished the objectives 
in the Pl^nit? ' = 

V - . ■ ' . . ' 

F 

3 Do you feel t1ie fnaterials used an# procedures f ollov/ed in 
the TI unit v/ere adequate to achieve the Sftated objectives? 
Do you feel the mate'lrials jiised and procedures followed in 
the PI unit were adequa/ce to achieve the stated objectives? 

Fi ' . " ' 

4 Do you feel the objectives were adequately covered in 



the postj-test? 



} 
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fhese gl'aphs,:^dica-te 11-ttla difference in the " 
ratings witW PI hamng a slightly higher overall rating than 
Tl. It is interesting to note .that Tl averages ^re higher ■ 
on the modular involving la'b experiments. 

What students liked and disliked ahout each, .method 
of instruction are summarized in Table" 30. This data was- 
taken from the student evaluation questionnaire and which 

asked! . • • 

> 

27. / "What did you like most about the .traditional class 

unit?" . , 

28. l"What did you like least. about the traditional unit? 
- 29. "What did you like most about the Pi unit?" 

30. "VJhat did you like least abou% tlie PI unit?" 

These questions were subjective and all students did 
not respond kl though many compients v/ere written. As in the 
*j)ilot study, most reBponding students gave Btmllar reactions 
to the qufitions. The frpquency of student comments are sum- 
marized for each method on each' module in TablQ 30 ik term^s 
of what they liked j^and disliked about the methods. 
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■ Table 'JO . 

WHAT STUDENTS LIIffiD MOST AND LEAST 
ABOUT EACH lOTHOD OF INSTRUCTION 



•. TI 

Liked 



A. ^^''AtlB to ask questions 

^ Module 1 2.3 k 

Frequency of . , 

Comment 23 22 16 ' I6 

B. "Personal Contact v/ith Instructor." 

Module ' 1 2 . 3 ' 

Frequency of 

Comiiient 5 k k 6 

Gt "Explanation Given." 

Module 1 ^ 2 3 k 

Frequency of 

Comment i 6 > 7 8 



DiBliked ' ^ 

A* "Lack of Time to Complete," 

Module ^1 2.3 4 

Frequency of 

Comment 15 12 10 ? 

B, "Required more concsntrationf missed a few 
Module 1 . 2 3 if 



r 



Frequency of , - 

Comment . 12 , 10 8 k 



PI 

A. "Self -paced. " 

Module 12 3 ^ 

Fro quo no y of 

Coinrnsnb 25 I9 16 I6 

B, VConvenionb . " 

) Mocuao 1 23^ 



J Frequenoy of 
y Cojiitnont; 



5 8 '^. ' 6 
144 , 



T^ble 30 
(Continued) 



-C. "Repetitious," 

Module 
' Frequency of 
Comment 



1 
3 



Disliked 



A. 



B. 



C. 



2 



m"ble to Ask Questions." 
Module 1 
Frequency of 

CoiTUnent Ik 



"Time Consuming." 

Module 1 
Frequency of 

Comment 12 



ersonal . " 
Module 1 
Frequency ,,„of 

C omment 1 0 



2 

15 

2 
11 

2 

7 



3 
6 



3 

13 

3 

12 

3 
6 



2 



12 

ti- 
ll 

k 



5 
1 



5 

10 

5 
9 

5 
5 



As mentioned, in the procedures section of Chapter ^1-, 
an attempt was made to determine the amount of study time 
used by students in Tl and in PI, The average total time 
spent by students on TI was larger than by PI on five of the 
eight units cover^. The validity of these results are 
questionable because only about 50^ of the students reported 
their time. ' - 

After completing thi main portion of the study, it 
v/as decided to determine if there were any relationship be- 
tv/een either high or low scores on the TOPE and aGhievement 
in TI and PI. The data needed for these determinations had 
alroHdy boon - oc»llca tod and the applica bion of the rasulis 
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in the futnare plannirig of chsmistry programs at CPCC v/as 
oTjvious. 

The total groi^p was divided into the high-score 
TOPE and the loW"Score\ppa g^roiap as shown in Table 3I . The 
mean TOPE score for the low group was 2^ v/hlle the mean TCPE 
score for the high group v/as kl. 

Table' 3I 

AVERAGE TCPE SCORES FOR. HIGH AND LOW GROUPS 



Low Group 2if 
Hig^^^Gro^/p .ifl 



The gain scores were determlnod for th6 high score , 
and the low score TCPE groups. The t--test v/as run. to deter-- 
mine if' the difference in gain scores v/as significant. 

As may be observed in Table 32, there was no signifi- 
cant difference betv/een achievement by TI and PI for students 
with high TCPE scores* Also thexr^e v/as no significant dif- 
ference between achiGvement by TI and PI for students v/ibh 
low TCPE scoreSi The null hypothesis is suppoj^ted in both 
cases. 
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LOW AND HIGH TCPE SCORES AND ACHIE\'Er.fflNT , 



High-score TCFE 



df 76 

t -value 1 . 09 
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PI TI 
7.32 7.13 



Lov/^score TOPE 6.20 ' S.Z^- 

» df 71}, I 

t-valiie 0.89 



Chapter 6 

CONCLUSIONS, DISCUSSION AND RECOMMfiNDATIONS ■ 
Conc lugions 

The findings in this study led to the coriclusion 



s 



1* CPCC students of general chemistry achieve as much 
by one method of instruction as by the other method . 
Achievement appears to be somewhat independent of 
the method of Instruction when o^her variables are 
held constant p 

2. CPCC students of general chemistry appear to have a. 
preference for progTrammed Instruction when used in 
conjunction with a regular chemistry clnras being 
supervised by the olassroom instructor. 

3- CPCC fjoneral chemistry students lappear to have a 
profcronce for traditional instruction in tfie l^b 
portion of the ganeral chemistry course when taught 
by the classroom 3;hstruetor in a closed lab* 

Ik CPCC general chemistry students of high reading 

ability achieve as much by one method of anstruction 
as the other. 

5* CPCC general chemistry students of low reading 

alj.ilily aahiovo an rnuoh liy ono inoDiocl o,f .iniiLruotion 
au t.ho othor. 

m 
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6. There was no significant difference in the quality 
of instruction presented in the two msthods of in- 
structions In the study. 

piscussion 

The iMndings in this stiMy seem to oupport many 
other comparatiYe studies in that achievemeht was found to- 
be somewhat independent of the method of instruetion. It 
should be noted ^ however, that in six of the eight unitsi 
achievement by PI was higheri Although this difference in 
achievement was not significant at the 0.01 level, achieve- 
ment by PI was significantly greater than TI on ,%^o of the 
units at the 0.10 level* In %wo other units achievement 
differences approached significance at the 0*10 level, ^ ' 

As prevloijsly stated, this study was conducted in 
regularly scheduled p^hemistry classes at CPCC. The normal 
cours^ procedure involves the use of learning objectives. 
It was felt that both PI and TI should have these objectives 
in order to be fair to the students. , It was believed, too, 
that for the study to be meaningful and for it to have 
direotloni learning objectives were necesDary for both TI 
and PI. In additioni the experimental design required the 
use of a pro^tcBt and post^test on each unit for both^Tl and 
PI. The use r of objectives, pre-test and frequent post-tests 
had an obvious built-in advantage for TI because traditional 
instruction does not urnmlly employ cither objective pre- 
tests or froquont i)Dr;i b-'tests . * • / 

1*. 
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13.3 

To f^ain aeocpbance of tho x-Gisultn unci cojic'Unri oris 
of IhiB ntxjay hy lha fncuVly ;md I'.taff o.V CVGC nncl Db))cr 
caiiiinunlty collagGS, i t was -rai t Llinb nturlonbj In TX unilB 
Bhould iDc given ovory advantacG poyuiblG within the liniito 
of TI. This v/aa another reason for the u::o of H earning 
objecbivss in TI, 

Even with theae atypinal built-in advantages for TI , 
achievemant by TI v/as no better tlian by PI. 

The significance of theae rowults io that students 
ncarnod just as much using prograinined inBtruction without 
the presence of an instructor as when thoy used traditional 
instruction v/hioh required the preBenee of a clasHroom 
teacher. Evidently, the chemistry teHoher does not have to 
be physically present v/hen the learning of specified infor- 
raati on takes place. It should bo noted, alRo, that the in- 
formation v/as on a relati%fely high level of sophist icat ion. 
This learning without the presence of an instructor has much 
educational Bignificance and irnpl icat ion. 

This study also supports many other studies in that 
the majority of students preferred PI to T' in most of the 
units. Although the ahi-squarG analj^ols of Btudant ratings 
of the various characteristics of TI and PI Bliov/od no signi^ 
ficant difference in four of the five modules * strident re^ 
HponBOs to the direct questions cDnccrrnin/^ v -i:hnd prorarcnce 
iridicated that they prof erred PI. One set of data implies 
that students had a slight preferenaa for PI while another 
iMsrt of data strongly ^ndicatoG a Btudont prTif&ranee for PI. 
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Tl appciarn tliat nunh ('j-n.riUir wo.i.yht Hliould ha givtm to data 
obLainod ;f'rom i:hfj d.i.r'oot qunH l;ionrj. SrjRrnirigly , ' roHUlt.s 
ol.)i.altV'd .rro:n a direct tiu,Mrl;ion nhoind bo nioro valjd than 



wcalc. Tha purpose in the rating fjcale v/as not only to 
ootimato the ovnrall pt'nforcriuG in teriiiH of f^pootrno nhar- 
ac horlnln nB hut to " y.oro in" on CDrtai n a;rf)ncbo of orioh 
int-ithod. 

One intGrotitlng rcKulf of bhia part of the ufudy w; 
the apparent student p^ eforendGS for TI in the lab module. 
Thlo is cause for Bome concern hccause all of the general 
chetniybry lab experimenbs at GPCC arc baugJit by PI, As pre 



studonts pirefor just the oppositc--.-that is, they preferrGd 
the closed TI lab taught by the classroom teacher. Even 
though the time spent on tae lab module v/as about jOfo of 
the total time uLied for the study, it was felt that this 
data v.as van.id and reliable. 



VJhat is the significHnce of this finding? This may 



be attributed to v/ell-knovm instructional probn.oms oncount- 
ei-ed when a difforent j)erson than the classroom instructor 
supervises or tesiches the lab portion of a course. These 



problems are vfiried but usually involve student Qvaluation, 
assigning of lab grades, student motivation, student 



results implied from the statist ioal analysis of a rating 




N 
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counoGflirig, etc. AlthougVi iho rnabtu^lalG m^ea in %ho PI lab 
v/GrG individualizod and have provon to \m cornplebGly v/arkablG 
in t}ie paytp uoine Hludont-lab inBt/^uctor oontact io nocos- 
eary. For example, the lab paraprof oHBional is rDquirGd 
to in5/'tial the experirnent at cGi'tam check po5Trl;o in the 
experiment and to grade unknowns.. A few BtudentB auk iror 
hcilp from the lab paraproroBBional in locating and construct-- 
ing chemical apparatus, Mqs:h ijnportanU,x the chemistry lab 
is v/herG the Btudcjit's curlouBlty becornas aroused and many 
quest ions are auked. Numerous times these questions go un- 
answered by the lab supervisor- This is most likely due ±o 
a lack of time, profOBsional experiGnce or training to 
answer these qiiestlons or to direct the student to the 
proper source,/ Sornetimes it may be due to a plain lack of 
intores^t on the part of the parapj^of ess'i onal ^ 

In this study, the Tl closed ].ab was supor^vised by 
a regular classroom instructor wl^th many years of teaching 
©xperience and prol'Gssional traiViing* Everi though the 
materials used in t;lie Tl lab wore not nearly as well organ-^ 
xzQd or complete as the PI lab 'and even though the students 
had to attend Saturday classes (Chemistry classes are not 
usually taught^^on Saturday,) for the TI closed lab, they ' 
preferred the TI closed lab about three-to-two. This is 
significant and points to a pi^oblcm that .has been suspected 
to oxist at CPCC in lab courses since the present sysLem. 
has been in operatibn --the problem of paraprof essionals '\ 
tea^ohlng tlie lab portion of tlie co\jrse, » ' 
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It buliavud LluiL utudontu wuiricl hnvG profarrod 
the PI opnn lab if Iho cO nruir oom instruct or hnd bocMi iiupor- 
vijiing PI iHb clurins i}ie ntudj^, utudy v/ar^ not 

dpslync^d to have tho clM::Broorn tcachGr supai/ynnG the PI lab 
bocuiUGe ; 

1, TliG aourne lo not riorina:! ly tauf^ht v/lth tlju olanBroora 
Uraclier Hupei-viHing and tGachLng the lab and there 
v/as need to test the present 'SyBtern, 

2. There v/as not adequate lab npace to cornplete the 
Btudy uBing tv/o labs. 

If the roniilts of this study are valid and reliable , 
one can anuiinie that students of general chGrninl;ry at CPCC 
I)refer PI to TI v/hsn uced in the manner doBcribed in the 
study. If HtudentR prefer PI. to TI and if they aehiove just 
as much (in inany cauns at a fas tor pace) ^ then an obviouB 
suggestion is to continue the'n^se and development of programmed 
instruction in general chemistry at CPCC. 

This is a giant stop in the Gvaluation of ..educational 
methodology Find should load to better learning'. The v/idor 
use of PI in the general chemistry course should not only 
fulfill the student's choice of method tut it should relieve 
the alasBroom tc>acher from the somatiines monotonoiis task of 
tGaching the, same old basic prihciples and concepts -^--basic , 
old, butj novei'thelarjs, important . Ideally, 4his iristruc"fcQr 
release tim.a sliould allow for much better overall teaching. 
The classroom instructor would be free to advise and counsel 
RWl use mora ^indnvidiial diag^ioses in his iea.Qhiiig of Dheniis;try, 
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■I'ho instructor r.y.ouM have „„oh creator t.lrno to r.C,.-, 
<i-3l„p, „p..,at3 .na evaluate „«ter.al used >,Uo oouL. 
The tructo. in „ doe. not usually have this 

time boCaUSG hp e^nr^vir?-, T 

- - „p,n,,. a i.reo porcont of, his working day 

clelivoring information in parson, in pt th^ • , 
•V>3liver. ti,„e.. .hould „,ueh lo.s. .he following ,rap.. 
co»,p.re the o..ti,„,toa percent of ti.e «pe„t on varieuo 
rtutaes when utilii^ing TI and PI. 
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■ • PI and 'f T nc- a- • 

•i-L, dofjcribQcl hern , , 

-rotation. A«a,l„, it ..ho.,., ,3 ; 

o.ti,„.t3d percontagos. ■ ' '""P'^'^-"ed that those are 

-ts this a true ref1po+ : 

-^-"e.tothi;,„e.;:::::^^-°-— - 

- - -3 ...eao..„t. - 

ti™. .as „aae availaMe '""'^ ^'"^J---'- 

auood substantially a- /' ' ro- 

-loa.. ti„e . r I " ' '''''' ^^^^ 

a or aGvelonrnerit r.^^ ^ 

P~ssio„a, personnel ha.e .een h.rort!"""""^ 
-a.sroo„ ins.r.tor in the ehe,„istr. Z I ^ 
tho instruotor having thi. , °^ 

«.-eIop.ent an,-, rovl-ion f " ""^ ^-.Snosis, 

.1. n.i,„,: -°---v--ria.., 

. V'or,:in, ...or these eon.itiens th„ .V' ''''"'"^ ^"^^ 

available .0. revi^io^ '/ '""'^"^''"^ 
ii-Sivldual student contnct th " "'«tsrial and ' 

-™^"on a, bo.or. Z;:^ 
--es). ^^.^^^^^.^ - ° or .... 

not teach an. lab cla.se. and t '"^'"""^ 
opportunity ror ..tudent contact in 'theTT""' 

the lab. The present 
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ByH-tom has, ;ln of foot / takon the clanBroom toaoher away 
from the atudent! 

Cheiiiistry is prooeirbLy and has always hcen an experi- 
mental SQience,, meaning that the actual test of chemlBtry 
problems and their final solutionn occurs in the lab. 
rractically all chernical Invm have been proven in the lab. 
The chemistry lab ie one major difference between the sciences 
and the non-^sciences. This dlfforonce should be used to 
motivate students rather than turn them off. The lab is the 
place where students dove3^^ maniputotive skills and tech- \ 
niques. It puts emphasis on the OBsential intellectual 
^ skills of science such as observation, orisanimtion and the 
interpretation of data. . ' 

If most of the important chemical facts, re?.ation- 
' ships, concepts, principles and laws have been discovor-d 
in the lab and are tested and rediscovered by chemistry 
students, obviously the chemistry lab should-.be the heart of 
a basic chemistry course. If this is true, then why should 
the teaching and/or supervision of labs be relegated to a 
parapr of G s s i onal? 

One of the "sales pitches" used by community college 
administrators and faculty has been that "We are deeply con- 
cerned that students .achieve and in the community college 
we don't relinquish the teaching of our basic coursos to 
inexperlonced graduate students, as the large university 
does." Today, for economics and other reasons, some com- 
munity collee;'.'S have replaced the professional with the ^ 

Er|c f57 



paraprofcBsional .In very critical aroas of- tcftoliirio;. Thus, 
v/e fire guilty of Lho nmrn error as tho university in placing 
our potontlal in the hanrlra of an oduoat.ional novice. 

Evidently, the Bl.udonbs in this'stiidy may have rocog- 
■piKGd thio problom as indicated in thep choice of the cloned 
iclmin Is'b ry laij. 

In rotroBpect, during the innovative revolution that 
has taken place at CPCC, many mistakes have .heen mado by hoth/ 
the faculty and administrators. However, in the opinion of 
the writer, there is much bettor teaching and learning taking ' 
place in cheifiistry at CPCC in I976 than there was in I97I. 

Roc omrne nda h i ons^ 

In consideration of the results and conclusions of 
the frbudy, 'the following rocomjrienclations are made. 

1. That the development and use of prograiiimed material 

he continued and extended to include the entire 

general chcHTils bry course • 
2* That v/ithin.bhe limits of GCDnomic feasibility,. 

studGnts fihould be- given the option of prograrnmed 

instruct ion or ti^adltional instruction in chomistry 

at CPCC* 

3* That the geTisral chemistry lab be changed from a 

:|aetely open lab to a semi-cloBed lab. ' In this 
^ system studetits and the clayBroom insiructor v/ould 

meet in a closed lab for approxlmat^ely two^thirds of 
the time required to complete the entire experiments. 
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DuriiYg this tiim , tho studont and toachor could 
oolve any problems and consndar all quest ions. yifter 
this closed sQction, tho la'b could then be opon^d 
Tor a specif iod period of time for complebion of 
the lab asaignment and/or for rcxieating any needed 
v/ork. During the closed lab| assigned taaohing 
load on the basis of one lab hour being equal to one 
classroorn hour v/ould be maintained. During the open^ 
lab period, the lab supervision could be handled 
successfully by a paraprof esslonal , 

That further investigation be niade to deterrnine v/hat 
relationships exist betv/een such things as age, 
personality traits , prof essional ambition and achieve-- 
ment by TI and PI. ' 

5. That further investigation be- made to determine v/hat 
effect PI has on the success of students in higher 
level chemistry courses and, later , in their pro-- 

f ess Ions. 

6. That the administration maice fiill use of the instructor 
' "release time concept" presented in the discussion 

section of Chapter 6-^-not only give release time fpr 
the development of nev/ course material but allov/ 
teachirig credit for the continual revision and up^ 
dating needed for PI i.e. ^ Good lab experiments should 
be changed at least every t%vo years! If this is not 
done, the progx^ammed instruction may become anti- 
qiiated in a short period of time. , . 
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Tliat the^ adminiohrat ion and racuXty should duvolop 
both inorat pay and profasK ional inoentivG programs 
to promote the coiitinuod dDvelopinont of {^ood in- 
tjti'uc bional inatei^ jan s, n 
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